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EVALUATION

1. The objective of this study was to develop methodologies and tech-
niques for planning, monitoring and evaluating stress screening programs
during electronic equipment development and production.

2. The study cbjectives have been successfully achieved. Both gqualita-
tive and quantitative guidelines have been developed for tailoring screen-
ing procedures to specific hardware development and production programs.
A methodology for screen selection and placement and for monitoring the
screening process through use of adaptive procedures has also been devel-
oped. In addition, a previously developed stress screening model has been
simplified and updated to include more recent stress screening experience,
The model establishes a quantitative basis for planning and contrcol. All
of the major variables and inputs required for planning and evaluating
screening programs are addressed through use of the mocdel. Application of
the techniques should greatly enhance the stress screening practitioner's
capability to plan and conduct screening programs in a cost-effective
manner,

3. Use of the techniques and methodology contained in the report should
hopefully foster the development of a broader data base for estimation of
model parameters and input variables., Users are encouraged to provide
feedback of information on their application experience and results.

! -
C-b U e T i
EUGENE FIORENTINO

Project Engineer




FOREWORD

This study was conducted to develop quantitative and
qualitative techniques for planning, monitoring and evaluating
stress screening programs. The effort included investigation of
technical and economic factors 1leading to the adoption of a
screening program and identifying factors which influence the
selection of particular screens and placement of screens at
various assenbly levels.

A- product of this study effort is a set of three cou-
puter programs (comprisiny the Stress Screening lodel) which are
intended to aid the stress screening practitioner in selecting
screens, setting screening parauneters and adjusting screens on
the basis of observed results. The function of the Stress
Screeniny ilodel (SSM) is to exercise some mathematical routines
designed to find an optimum set of screens to achieve the
desired, (user-input) results, subject to the user-indicated
constraints.

If the quantity and type of 1latent defects present in
equipment during each 1level of manufacture were known and the
ability of the various stress screens to precipitate those
defects into hard, detectable failures was also known, the plan-
ning of stress gcreening programs would be greatly simplified.
Actually, the nature and magnitude of defects present are unXnown
and changing with time; screening strengths are not well under-
stood and appear to be hardware dependent. Much stress screening
has been done in the past several years and general patterns are
beyinningy to euwerge. Screening appears to be cost-effective.
Temperature c¢ycling and random vibration are commonly used
screeas and appear to be effective screens. Temperature cycle
screeniny effectiveness appears to increase with wider tempera-
ture range and greater rates of change. Random, or broadband,
vibration appears more effective than single or swept frequency
vibratiocn. Constant temperature burn-in, power cycling, and low
level single frequency vibration screens do not appear to be
yenerally vuvffective. These patterns form an industry consensus
on stress screening effectiveness.

The HMartin-Marietta temperature cycling curves (Ref. 7)
and the Gruwanan vibration curves (Ref. 8) are combined into
UAVIIAT P-9492 and are generally representative of the industry
consensus. Screening strength equations developed previously by
Hughes were modified to reflect the Martin/Grumman daca and fur-
ther adjusted to satisfy other stress screening results. The
screening strength equations should not be interpreted as scien-
tifically derived equations of general applicability but rather
as useful tcols to serve as a quantitative basis for planning and
controlling A stress screening program. Jse of the stress
screening equations in conjunction with the screen selection and
placement gvidelines will provide a sound planning basis.

- - ii




Careful review of stress screening results will enable the proper
adjustment of the screening strength equations to match the items
being screened through use of the SSti adaptive feature.

The SSM is easy to use but this should not be inter-
preted as meaning that planning, monitoring and evaluating a
stress screening program is simple. Rather, it is the intent of
the authors to provide a model which accepts all the nmajor vari-
ables as user inputs, when available, but which can be meaning-
fully used when some input data is not available. The 35S!1 con-
tains default values for all but two user inputs and while con-
siderable dJdata gathering and analysis was necessary to establish
the default values, they must be considered applicable only to
the source from which they were derived. FEach user should estah-
lish his own set of input variables applicable to his production
processes and hardware item characteristics to make best use of
the S5M and to have the most confidence in the results.

[ d
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‘1. IUTRODUCTION AlID SUMMARY.

1.1 Introduction. The use of environmental stress screening of
electronic Thardware during development and production has in-
creased siynificantly in the past few years among many military
electronic equipnent manufacturers. The basic intent of stress
screeniny is to detect latent defects, by subjecting test items
to specific conditions of environmental stress, so that such
defects can be deqraded tu a detectable level. "Latent defects”,
as used here, represent weaknesses 1in parts, workmanship and to
some extent design, which result in nmnuch higher failure rates
than what may be indicated by predicted inherent failure rate
values. Clectronic equipment delivered to the field often con-
tain latent dJefects traceable to the production process. Such
defects result in abnormally high failure rates and excessive
repair costs in the field. Early stress screening of modules and
assemblies, during production, is a widely accepted, effective
weans of alleviating the problem. Screening programs may be,
however, costly to perforw and may not be fully effective, per-
haps even detrimental, if improperly applied and controlled. The
technology base, in addition, for screening test selection, ef-
fectiveness measurement, and cost control, is largely under
developed.

Stress screening programs should be designed to precipitate
and detect latent defects early in the production cycle when it
is moust cost-effective to do so. Early stress screening can in-
crease the likelihood of the completed equipment passing final
acceptance and reliability demonstration tests and may eliminate
or reduce the need for costly burn-in or reliability growth
programs at the system level. Early 1life stress screening of
modules and subassemblies, therefore, can offer a cost-effective
means of enhancing equipment reliability and reducing production
aad field support costs.

Due to the varied nature of military electronics equipment
and their associated desiyn, development and production program
elenents, it is difficult to ‘"standardize" on a particular
screening approach. A tailoring of the screening process to the
unique elements of a given program is, therefore, required.
Screening tests such as temperature cycling and random vibration
appear to be the most effective tests. However, exposure levels,
nuaber of cycles, and test durations differ widely among users.
Other, perhaps less costly, tests such as sinusoidal vibration,
power cycled burn-in at ambient and temperature socak are also
used, but, in general, their effectiveness is believed to be less
than the former tests. Precise information of the effectiveness
of the various available screening tests is not currently known.
Screening tests therefore should be selected based upon estimates
of cost and test effectiveness, early development program data
and on equipnent design, manufacturing, material and process
variables, which at 1least, narrow consideration to the most

R duced from
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cost-effective choices. The screening process then should be
continuously monitored and test results analyzed so that changes
in the process can be made, as required, to optimize the cost-
effectiveness of the screening program.

A survey of the current 1literature has shown that although
the use of stress screening is on the increase, there is little
yeneral qguidance as to how to besat plan, monitor and control a
stress screening program. The 1Institute of Environmental
Sciences (ILS), a professional organization of engineers and
scientists, currently has a national program underway to develop
a guideline dJdocument for Environmental Stress Screening of
Electronic Harcware. Results of this effort were published in a
guidelines document (Ref. 12).

Hughes Aircraft Company is also preparing a Stress
Screening Guidelines document for internal use which is expected
to be released in 1982.

1.1.1 Objective and Scope of Study. The objective of this study
was to develop quantitative and qualitative techniques for plan-
ning, ronitoring and evaluating stress screening programs during
electronic equipment development and production. The work effort
investigated mnethodologies for test selection and control which
provide assurance that reliability growth is achieved in a cost-
effective manner throughout the development and production
process. The work performed was concerned primarily with the
cost-effectiveness of stress screening at levels of assembly
above the part level, 1i.e., assembly/module, unit/group and
egquipnent/systen. Part level screening considerations were in-
cluded in the study only to the extent that the quality grade of
comgponents used influences the initial quantity of latent defects
and therefore the planning of the stress screening progran.

1.2 Surmary of Study

1.2.1 Study Approach. The basis of stress screening is the
elimination of latent defects at a point in the production
process when 1t is least costly to do so. Figure 1.1 depicts a
typical production process where parts and printed circuit boards
(PCB) or wired chassis comprise assemblies; then manufactured as-
semblies, purchased assemblies and associated wiring comprise
units; and finally the units, other equipment and intercabling
make up the coupleted systen. Latent defects are introduced at
each stage 1in the process and, if not eliminated, propagate
through to field use. The cost of repair increases with increas-
ing levels of assembly, being $1 to 35 at the part level and per-

nhaps as high as 31700 at the system level. Field repair cost es-
timates have Dbeen quoted as high as 315,000. For economic
reasons alone, it is desireable to eliminate latent defects at

the 1lowest possible 1level of assembly and certainly prior to
field use.
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e
PURCHASED PURCHASED
pcs ASSY'S UNITS
PARTS ASSEMBLIES UNITS SYSTEM e FIELD

APPROX . .. WIRING WIRING CABLES

COST PER $1- 0-50 0-500

"REPAIR 3 $25 $500-1000 $5000-15,000
F i%ure 1.1. A Typical Production Process. Finding defects at the lowest level of manufacture is most cost
effective.

Latent defects can be transformed into patent, or hard,
defects through the application of environmental stresses such as
elevated temperature operation, temperature cycling or vibration.

The probability that a stress screen will transform a latent
defect into a hard failure (given that there is a latent defect
present) and that failure will be detected by the screen is cal-
led "screening strength". Screening strength varies with the
screen parameters, (e.g., the strength of a temperature cycle
screen increases with increases in temperature extremes, tempera-
ture rate of change and number of c¢ycles). But there is a cost
associated with application of a stress screen and that cost
varies with screening strength. There are then many possible
combinations of screening strengths and screening costs at each
level of assembly and the objective is to find the lowest cost
set of screens that produces the desired results. A computer
program is available to perform this "optimization" function and
is discussed below.

1.2.2 The SDO Model. A prior study (Ref. 1) conducted by Hughes
for RADC resulted in development of a Screening and Debugging
Optimization (SDO) model which provides an optimum set of stress
screens based on model inputs of estimated number of initial and
process-induced defects and estimated screening costs. The model
contains empirical screening strength equations for five stress
screen types (constant temperature, constant power, cycled power,
cycle temperature, and vibration) in which the screening strength
is a function of screening parameters such as temperature ex-
trewmes, number of cycles, rate of change of temperature, and
screen duration. Since there are a very large number of
combinations of stress screens and screen costs at each level of

1-69522




assembly, e.g., at assembly/module, unit/group, and
equipment/system levels, the SDO model utilizes a dynamic
programning algorithm to find the optimum solution to either,

1) the set of screens which achieve a predetermined reduc-
tion of latent defects for the least cost, or

2) the set of screens which achieve the maximum reduction
of latent defects for a fixed cost.

The SDO model was retained for this study because of its op-
timization capability. However, many changes were made to the
model during the course of this study, as indicated below.

Previous SDO todel Model Changes

1) Screening strength equations More current equations were
do not reflect recent stress substituted for existing
screening experience. equations.

2) Vibration screening strength Equations were added for random
egquation is only for single vibration and swept-sine vibra-
frequency vibration. tion. A new equation for single

’ frequency vibration was
substituted.

3) Model is difficult to use. Use of the model was simplified
llany user inputs are required. by:

a. Minimizing user input
requirenents.

b. Providing clear instructions
for nodel use.

c. Prouviding examnples to
aid the user.

d. Making the model interactive
for use on time-share termi-
nals.

e. Including user prompter and
assist instructions.

f. Output formats were improved
to facilitate user under-
standing.

4) The solution of the The dynamic programming algo-
optimun set of screens rithn was altered to a




determined by the model contrained optimization

was, occassionally, un- solution to provide an
realistic (e.g. 5 different optimunm set of screens consis-
screens might be regquired tent with current practice.

sequentially at the same
level of assembly).

5) Running of the model can be Unnecessary precision was
costly (much core is re- eliminated. Instructions were
quired and CPU time can reduced.

become significant for
larye systems).

6) SDO model does not have Adaptive feature was added to
"adaptive screening” allow an adjustment of stress
capability. screen parameters on the basis

of results observed.

Screening strength and initial
fraction defective estimates
can be derived from observed
results using the chance-defec-
tive exponential (CDE) model.

1.2.3 Screening Strength Equations. Screening strength equa-
tions were developed for random vibration, swept-sine vibrationm,
single fregquency vibration, temperature cycling, and constant
teuperature. The first three equations (those for vibrationm)
were developed from the results of the vibration screening ex-
periments conducted by Kube and lHirscuberger (Ref. 8).
Experiments conducted by Tdgerton (Ref. 5) and Baker (Ref. 6) did
not produce sufficient vibration induced latent Jdefect precipita-
tion to enable model developuent. Mo other controlled experi-
wents with the effectiveness of vibration were identified by the
literature search. The developnent of the vibration screening
strenyth equations is described in detail in Appeandix A. Figures
1.2, 1.3, and 1.4 show screening strength versus time for the
three vibration types.

The temperature cycling screening strength equation is
derived from the curves on page 6 of UAVMAT P-9492 (Ref. 9). It
was assuied that the curves represented results primarily from
AGREE testiny of avionics equipnment and ~vepresent -54 deg. C to
+55 deg. C temperature extrewes and a 5 deg. C/minute rate of
Cchange. The constant tenperature screening strength equation is
derived from the temperature cycling equation. Figures 1.5 and
1.6 show screening strengths for the temperature related equa-~
tions. The derivation is described in Appendix A.

1.2.4 Adaptive Screening. Since the stress screening equations

are empirically derived, they are only rough quantitative
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approximations of the screens' ability to precipitate latent
defects. Screening strength is also thouyght to depend on other
facturs such as equipment type, construction, size, part composi-
‘tion and degree of design and production naturity. Therefore,
the eqguations are useful in establishing a starting point and
serve as a basis for planning a screening program. As actual
screening results become available they can be compared with the
expected results as deterwmined by the screening strength equa-
tions. If the actual results fall outside the 99 percent bounds
on the expectad results, the actual data can be antered into the
wodel which will automatically adjust the "equipment-related”
constants of the stress screening equations, thereby adapting the
equations to the specific hardware characteristics. The 29 per-
cent bounds are based on a statistical test of the hypothesis
that the planned values are correct (with a probability of 1 -
.99 = .01 of rejecting the hypothesis when it is true).

1.3 Summary of Industry Surveys

1.3.1 Surveys Previously Conducted and Reviewed for this Study.

Three surveys previounsly conducted on the subject of stress
screening were reviewed and the results of each are summarized in
the followving paragyraphs.

Thie results of the three surveys show marked similarity be-
cause there are coumon respondents to the surveys reporting on
the same experiences. 'luch of the experience data reported shows
striking similarity in stress screens used, screening para-
ueters (e.y., tenperature extremes, temperature rates of change,
vibration levels) and in opinions as to which screens are most
effective, This is attributed to the fact that much of the
reported screening experience 1is the result of contractually

required MIL-STD-731B AGRLE testing, primarily on avioniecs "black
boxes".

1.3.2 lLartin-larietta Survey (Ref. 7). This survey of twenty-

six sources primarily reporting on AGREZ testing experience indi-
cate the following beliefs.

HOTE: This survey represents experience and opinions of about
ten years ago and a large amount of stress screening ex-
perience, apart from AGREE testing, has been accunulated
since then.

a. 6-10 thermal cycles are required for the elimination of in-
cipient Jdefects. As nore complex the screened item becones
(i.e., by part count), more cycles are required.

b. llore than 19 cycles are required if screening is done at the
' assenbly level, and unscreened parts are used. 16-25 cycles
have been used.




Ce A temperature range of =54 deg. C to 55 dey. C is most com-
rmonly used. (AGREE temperature range for avionics). Best
screening is provided py using the maximum safe temperature
range and rate of change.

a. Telmperature cycling of soundly designed hardware does not
deyrade the hardware. -

e. Application of power during temperature cycling with con-
tinuous performance monitoring is recommended. Turning off
power during’ the cool-down cycle allows a more rapid tem-
perature rate of change and allows parts to reach the low
temperature extreme.

f. Failure-free cycles are sometimes used. The report recom-
mends one failure-free cycle.

g. Implementing temperature cycling is most compatible with
printed circuit board (PCB) construction and least com-
patible with large, complex potted cordwood modules.

n. Augmenting "black box" temperature cycling with additional
cycling at the PCB level should be considered.

i. An approximation of the types of failures detected in mature
hardware by tenperature cycling is:

Design-related 5%
Hanufacturing-related 33%
Part-related 62%
je Temperature cycling is an effective screcn, with the screen-

ing strenyth dependent on the temperature range, temperature
rate of change and number of cycles. Temperature soaks and
low~level vibration are not effective screens.

1.3.3 1ilcDonnell Aircraft Coupany Survey (Ref. 1l1). This survey
was conducted during 1979-1%80 of thirty-three avionic equipment
manufacturers to determine the industry practice and opinions
current at that time in the conduct of environnental screening.
A sunumary of the survey results follows.

a. The primary environmental stress screen used is a thermal
cycle, with a high temperature limit of 55 deg. £ or 71 deq.
C most corunon and a low temperature limit of -55 deg. C most
common, reflecting the test limits of MIL-STD-7818B.

. Tenperature cycle durations of six to eight hours are most
common and probably reflect convenience in adapting to the
24-hour day rather than for screening effectiveness
purposes.




Four to ten temperature cycles is most common, with the last
cycle being failure free.

The most common temperature rate of change is 3 to 5 deg.
C/minute.

Vibration during temperature cycling was limited to
MIL-STD-781B requirements (i.e., 2.2g, sinuscidal, 10
minutes/hour). Some random vibration was used as a screen,
separate from the temperature cycling, using levels of 3 to
6.2g RMS for durations of 5 to 19 minutes in 2 or 3 axes.

There was no concensus on when random vibration should be
done when applied with temperature cycling (i.e., before,
after, or in-between temperature cycling).

The distribution of the types of failures detected as a
result of temperature cycling is:

Design-related 82
Manufacturing-related 3083
Part-related 46%
Other 15%

The above percentages are rniean values with large variances,
reflecting varying deyrees of production naturity.
Soldering defects were the rnost common uanufacturing related
defect.

Factors influencing the design of a screen for a new produc-
tion item were:

Percent of
Factor Respondents

1) Previous experience on 91
similar egquipment

2) Customer desires 67

3) Equipment characteristics 67

4) Reliability requirements 64

5) Use environment 58

8) Existing environmental 48
facilities

7) Test operating cost 36

10




i. About. 40% of the respondents reported that the screen had
been changed after the start of production and the majority
(80%) of the changes were to increase the screen (more
temperature cycles, added burn-in, added random vibration,
increased vibration level)} as a result of poor reliability
resulting from the initial screen.

1.3.4 Institute of Environmental Sciences (IES) Survey (Ref.
12). This survey was conducted during 1930-1981 by an
IES~-sponsored MNational Committee to develop an environmental
stress screening guidelines document. The survey resulted in
receipt of 85 detailed responses from 14 sources and over 50% of
the responses were for avionics applications. Salient findings
of the survey are as follows:

a. Thermal cycling and vibration were the most common stress
screening environments used at the module, unit and systen
levels. Survey respondents also believe that thermal cy-
cling and vibration are the most effective stress screens.

b. Equipment reliability can be improved by 25 to 90% by means
of environmental stress screening. The range of reliability
improvement varied widely depending on equipment type,
screening environment and the levels of assembly at which
screening was performed.

c. Thermal cycling was found to be a more effective screening
environment for electronics than wvibration, by a factor of 3
or 4 to l. Random vibration is more effective than swept
sine, and swept sine is more effective than fixed sine.

d. Both thermal cycling and vibration are needed for optimum
screening effectiveness. It is inconclusive that it is more
effective to perform thermal cycling or vibration in any
specific sequence but there appears to be a synergistic ef-
fect of using both the environments.

e. Module-level temperature cycling is ¢generally 20 to 40 ther-
mal cycles, with a temperature rate of change of 5 degq.
C/minute most common, and no power applied to the module.
There 1is no significant payoff to extend the number of
cycles beyond 40. Increasing the temperature rate of change
produces wmore effective screening. Application of power to
the module during the screen does not increase screening
effectiveness.

£. Units and system level screening profiles used reflect the
strong influence of MIL-STD-7818 in temperature range and
rate of change. 8 to 12 thermal cycles, with power applied,
were most common.

11




9. Some cases were noted where degradation was introduced in
equipment at high levels (i.e., 6gR!MS) of random vibration.
There is also an indication that lower 1levels of randon

vibration can be as effective as higher 1levels in some
applications.

1.3.5 Survey Consensus. Thermal cycling and vibration are
thouyght to be the effective environmental stress screens for
precipitating laten: defects. A large part of the reported
stress screening experience data is a result of contractually
required AGREE tests in accordance with MIL-STD-781B, test levels
E and F, for avionics equipment. The AGREE requirements have obvi-
ously strongly influenced the survey respondents with regard to temperature
cycling and vibration. This, at least partly, explains the com-
monality in stress screening practice. Most screzning experience
is at the wunit, or "black box", level and a range of 4 to 12
thermal cycles is believed to be sufficient to screen out latent
defects. There 1is some belief that the more complex the unit
(i.e., 1in part count), more thermal cycles are needed, although
this belief 1is not universally accepted. The most common tem-
perature range over which thermal ¢ycling is done is =-54 deg. C
to +55 deg. C, again reflecting the influence of MIL-STD-731B.
There 1is a common belief that greater temperature ranges provide
more effective screening, provided that the temperature limits
are within the safe operating limits of the unit being screened.
The most common temperature rate of change appears to be 5 deg.
C/winute and there is general agreement that higher rates of
chanye provide more effective screening. Temperature cycling at
the unit level is most often accomplished with power applied and
close monitoring of performance at both temperature extremes is
recommended. Power 1is turned off during the cool down cycle.
Application of power during temperature cycling at the module
level does not appear to increase the effectiveness of unpowered
screening. There does not appear to be a clear consensus on the
use of failure-free cycles. While the practice of requiring the
last cycle to be failure-free is used by some and supported by
others, there 1is another gyroup who believe that a failure-free
requirement should be included with other acceptance criteria and
kept separate from the stress screening process.

Random vibration is considered to be the most effective
vibration screening process, followed by swept frequency
sinusoidal vibration (swept sine) and fixed frequency sinusoidal
vibration (fixed sine).

Fixed sine vibration at low levels (e.g., 2.2q) is almost
universally believed to ineffective as a workmanship screen.
Random vibration at 1levels of 3-6gRMS, for 5-19 minutes (per
axis), and applying to 2 or 3 axes is currently thought to be the
most effective screen. However, the application of random vibra-
tion is relatively new and the survey results were mostly reports
of AGREE testing, using 2.2g fixed sine vibration. Vibration at
the module level is not currently thought to be effective.

12




Screens other than temperature cycling and vibration (e.g..
temperature soak, power CN-OFF cycling) are not considered to be
effective screens. ' Combining screens, such as performing tem-
perature cycling and vibration on the same unit simultaneously or
sequentially is considered to be effective. Opinions are mixed,
however, on whether simultaneous screening is more effective or
has the same effectiveness as sequential screening. There is
also no agreement on the most effective sequence of combined
screens, i.e., vibrate before or after temperature cycle.

Table 1.1 summarizes the key issues of the three surveys.

13




s19A3[-3lnpow 1Qj3
*3dC °SdWaIIXd
yjoq e but
«3883 TeuoTiOoUunyg
s 19AaT-waIsAs

pue 3TUY) I0J ‘NO

*uo1y

=X0d uMmop-100>
putanp 3ydsdxa
‘NO) *@1tjoad
AAUOV MOT 103
031 po3ldadxa
Ing ‘pajzels JoON

‘uotilzod umop
-1000 butanp JJo
*douvwaogaxoad

30 butaxojtuocuw
8S0TD Y3itm ‘NO

A40
*SA NO a9MmOd

*3A13ID9  JO daou
I9aA09] 9a1npow e
(-utw/D Ve=-sT)
s893ex A9YDbTY
*aj3nuTw/o 4

*utw/d g 03 D €

*dATID9J 8 da0uW
s93ea aaybriy Yitm
‘utwu/gJ Ov 03 4 1

abue:.}p 3O 33wy
a.njeaadway,

O O O (o) o

TS EETY & £

*safrjoad 3sow ST Sbuea
LUTISII JIUOVY 93ES wnuwiXxey
Aq paduanijur (butisal (*burisai JFIYOV

ATbuox3ys sa1o4o
buiusaaxos ssaa3s
ang ‘paijeis 3IoN

13YOV 3JO @dus

-n{Jur) D 1L+ 30
o §9+ 03} D PG~
[o] (6]

JOo @20uanyijul)
s UOWWOD 3Isou

O GG+ O3 D PpSs-
[e) o

abuey
a.mnjeaadway,

*buT [DAD

‘dwail T3a971
afnpow 103 sSaT24AdD
U¥y=-0¢ °3IUNOD
3xed 3tTun 3jO
Juapuadapurt
‘ga10ho ¢I~y

* (891240 0L 03 ¢)
AToptm sataea
pasn sayd4do jJo
*ON *uowwod 3Isoul
s3T0AD Q1 vue ¢

I ELERT
ATQuasse IdaMOT e
auop usaym 3% Ss3tun
X9 1dwoo axou

103 paarnbaa

aae safdAd aaon
*s9124ho 01-9

butusaxog
91050 Tewaayy,

(¢l °32y) (1T *394) Asaang
Aaanang sdl Auedwo) 3jeaxd (¢ *394) Aoanang o1dog,
=aTY TY2UUOdon e3I9TIACR-UTIICN
*SAIAUNS SNOIATUYd JT™UILL A0 AYVHKHAS I°T I'IsVlL

14




‘uotjepeabap
asned (SWY

by) uotjeaqra
wopuel JO STaAa9dY
ybry axeaym

pajou sase)

*passaappe 3JION

ca1em
-paey paubrsap
ATpunos apeabap
Jou saop burioho
aanjeixadwa]

uoTiepexbag

s {9ad -3 Tnpou
3Ie 2ATIOOIFI
30N °pauasads
buraq walr o3
butxof{trel spuau
=wooay *SWdby
‘¢6v6-d ILVYNAYN
butsn axe Auey
*8T3AY] snoTaep

*saxe ¢ 10 g
‘stxe 19d sajnutuw
01-S ‘SNYDC*9-€

passaippe 30N

uot3leIqIA
wopuey

*butuaaID8 SS3a3S
woxjy a3jeaedos
‘e1I93TID Idue

-3daooe jo 3aed
speuwt aq pinoys

s UoWWOD 3Isoul
ST s912A0 g4 1
SaT2Ad 44 ¢¢ ©03 0
‘A13ed1b sataep

* PapPUBWWODI X

81204ko 34 1
*dd so12k0 z-0

sa1oik)
9914-9anytelq

(c1 -3°u)
K3aang s3I

(II -334) Aosaang
Auedwo) 3jeao
=11y 112uuoQgay

|

(L °38u) Koaang
e3joTIen-uIIaey

ot1doyg,

"SAJdANNS SN0IATYd €ddHL IO XAVYKRNS

U T 37TEVL

15




R

,’r‘

*paurlep ST J09j38
D1IsTPIdUAS ®
pue Axessadau sT
Albuts uorjleRaIqIA
pue DUt 1240

*uwal y3loy

buts)y °*Aibuts

* 5U8IDS DLUTATUUER
ueyl aarloayjye
@2I0w ou sT
buy3sai pautqwod

.

*A1buts butdAidue
ueyl aaTI09jJe
9a0w ST SU18IOS
9yl PUTUTYWOD
AuTyl Ajtraole,

RIGES b1

aAT3IDB]} 3D ue

30U ST UOTI3ILITA
JUUDY IPYI JUDOXD
‘passaappe 0|

UOTIIBIYTA u.0oputy
Que Huti1oAi)n
aanjeaadwa],

PEUTGWOD

*S83N3TISYNS
8ATIODJ 3O SSOT
axe uotrjeayia
pue put1o4Ao
aanjeaadwaly
ueyl Iaylo
8U99I08 T[1V

HLOS aanleasaduoy
3O SSIUSATIOVIJII
Uo paIaxXxtw uotTutaQ
*dAT3IODIIO

JOU uorleay

=4TA BUTs paxTy
(Pe) T19A3T1 MO]

*SUBI0S
IATIOUJF9 J0U Bae
)NRrOS aanjeviadual
pue uoljeaq

-QTIA dUls pPexTg
(b¢) T1aaa] moj

uoTIe.(qraA wopurl
Jue LutlTo4Ao
vanje.radwsdl ueyl
15330 SU8’xIdS U
SSIUBATIDDT Y !

passaippe 304

t0¢t
s9¥

S

REE
8CO

12430

&3 218 I-UbIsSaQ
paIrIax
~-puranijorjnuer:
pa3eIRa~-1aed

1330939 3O
udTINQTIIS (Y

{ct *39d) (IT *Joyg) Asaang
Aanang sl Auedulo) 33ea0 (L *394) Aoaaiang OTUGY
=4IV 119Uuoydy elloTIRRK-UTIaLY
*SAdANILS SNUIAZEG dlalie du IVGS I°17 1.vr

16



*butusaados ssaals
ybnoayl g0e

-g¢ Kq paaoadury
aq ued A3TT1T4
-eT19x juaudinbg

(enoadutr Agaaayz
ITTM A3T1TqQRTIaa
eyl paxaajut
8¢ ued 37 pue)
s3oejsp 3juardiout
sajeutwiio
but1oAo -dwaz
3eyl uswaaabe
1e1auab st 8919yl
Ing ‘passaappe
A1teotr3yToads joN

(@aocadut Ageaayr
TUTM A3T{TqeT1ax
3Ieyly paxaajut

aq ued 3T pue)
s3io238p 3Juatdiout
S93BUTWITD
buttoAho -dweny
eyl Juswaaxbe
1eaaudb sT axayjx
Ing ‘passaxppe
KA{teotytoeds 30N

butusaaog
ssa118 ybnoays
Juswaaocaduy
A3T1IqRTTaY

*3Nno

-T1e3 [euoraTppe
SMOYS U29108
I3Yy3z0o ay3 x933e
pue ai103jaq uaaids
I9Yyizte butdAiddy
*douanbas
poaxoajyaxd ON

*antioaj3ye
Isouw ST YOoTym uo
uotutdo snsuaouoo
ou Yy3iItm ‘burioho
*dwal usamiaq

-ur pue aajje
‘?I1039q uocIjeIqIA
‘suotjeutquoo
SNOTIRA pPd3edIpul
s3juapuodsay

*pessaippe 30N

17

*A1buts peasn
uaym ‘uorleaqra
pue buttolk)
oanjeaxadwa]
Jo aouanbag

(¢t *39y) (1T *394) Keaang
KAanang s3I Auedwo) 33ead (L *39ad) Aeaang otdoy,
—1I¥ TT2uuogol e300 TICH-UTIARY
*SALANNS SNOIARYd JIYHIL JO AAVRWWNNS T1°1 d79vlL




2. PLAINING A STRESS SCREENING PROGRAM.

program 1s strongly dependent on the care taken in planning and
understanding the limitations of stress screening. The planning
of a stress screening program involves a number of considerations
which are addressed below. Two important considerations should
be kept foremost in mind in the process of planning a stress
screening program;

2.1 Introduction. The ultimate success of a stress screening

e The quantitative aspects of stress screening, i.e., the
expected number of latent defects and the ability of a
specific screen to precipitate those defects, cannot be
analytically determined, and any models purporting to

do so must be recoqgnized as approximation methods based
on past experience.

[ Past experience wmay provide some guidance in stress
screen selection in cases of similar equipment composi-
tion and construction and degree of production
maturity. However, there are usually other factors in-
volved (e.g., reliability improvement fixes may have
been incorporated simultaneously with the start of

stress screening) which may obscure the true source of
inprovement.

Other factors to consider are:

° What are the objectives of a stress screening program?
(e.g., achieve a quantitative reliability goal, maxi-
mize reliability, reduce production costs, reduce war-
ranty costs, minimize life cycle costs?)

° WWhat are viable alternative stress screens for achiev-
ing objectives (which screens applied at which levels
produce the desired results?)

) What are the costs associated with each of the alterna-
tive approaches? (consider btoth nonrecurring and
recurring costs)

® How does one know if the screening program is going ac-

cording to plan (data gathering, analysis, decision
criteria)?

® How can a stress screening program be changed to
achieve more cost effective screening?

° What are things that can go wrong, what early indica-
tions are there and what should be done to correct
them?

18




L4 How to and why keep management attention on benefits
being derived from stress screening?

2.2 Developing a Stress Screening Plan

2.2.1 Establishing an Objective. The most common objective in
establishing a stress screening program is to improve field
reliability by eliminating latent defects in the factory prior to
delivery. This objective includes motivation through warranty
considerations as well as motivation to improve poor field
reliability. Other objectives to consider are:

a. Meeting a contractual reliability demonstration
requirement.

b. Achieving and maintaining a high field reliability
level.

c. Assuring cost effectiveness in a Reliability
Improvement Varranty (RIW) contract.

d. Reducing production costs.

e. Reducing field costs of operations and maintenance
(o&t1)

The cost of failing a reliability demonstration is high
enouyh to negate most compromises. The amount of screening plan-
ned should be consistent with the specified MTBF and test deci-
sion risks. The same approach should be considered on a
reliability improvement warranty (RIW) contract. It should be
noted that more screening is not always better and the improve-
ment per unit of time decreases with time.

Achieving and maintaining a high field reliability
requires careful evaluation of problems which could adversely af-
fect reliability levels and an understanding of how such problems
can be eliminated or controlled.

2.2.2 Determining if a Stress Screening Prouram is Appropriate.
The current popularity of stress screening might 1lead one to
believe that it is a panacea for solving problems of low field
reliability, high production rework costs and slipping production

schedules. Unfortunately, there are many other causes of such
problems and no simple solution exists for correcting (or
preventing) them. The value of stress screening, i.e., the

knowledge of what potential technical or economic benefits are
derivable from stress screening, should be understood before a
decision 1is made to apply it. Generally. on high volume produc-
tion programs of complex hardware the cost-effectiveness of
stress screening should be considered. It is not so obvious that
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stress screening is cost-effective, or otherwise beneficial, on a
single system, advanced development model, where the production
phase 1is remote and the non-recurring costs for stress screening
facilities and test equipment are not insignificant.

The construction and complexity of the development item
are important considerations. A breadboard or brassboard model
which has little resemblance to a future production model should
not be screened for manufacturing/workmanship defects. A
development model which is expected to undergo extensive produc-
tization changes falls in the same category. Pre-production
imodels embodying new designs are prime candidates for stress
screening in a development phase because the types of defects to
be expected in production can be identified and a production
stress screening program can be effectively planned.

To deternine if a stress screening program is appropriate,
consider the following:

@ Does the reduced field maintenance cost justify the
screeninygy program cost?

@ Is stress screening necessary for eliminating excessive
latent defects?

e Is stress screening necessary to achieve a technical
(e.g., reliability) requirement?

® Will stress screening {in a development phase) provide
valuable information for planning the production stress
screening program?

® 1ill stress screening save money in production (through
reduced rework costs)?

e Is the improved production schedule resulting from
stress screening worth the cost of screening?

® Does the goodwill derived from delivering latent

defect-free products balance the cost of stress
screening?

2.2.2.1 Field Maintenance Cost Savings through Stress Screening.
Field maintenance costs resulting from latent defects can be cal-
culated by multiplying the number of 1iatent defects present by
the averaye cost per field repair. Figure 2.1 is a simplified
production flow process of an unscreened unit. Assume the unit
has 1i=10,000 parts, of which p=.001 fraction defective, resulting
in the introduction of 10 latent defective parts. Further, as-
sume 20 workmanship defects are introduced at the assembly level
and 10 more at the unit level. The normal assembly and unit
operational testing is assumed to have screening strengths of
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0.20 at the assembly level and 0.40 at the unit level. Then, only 6 latent
defects are precipitated at the assembly level (0.20 x 30 defects) and 14

at the unit level. Since a total of 40 defects were intrcduced in the
process and 20 were precipitated, a balance of 20 remain to fail in subsequent
field use.

N
>
INDUCED INDUCED :
ASSEMBLY : UNIT kA
DEFECTS ‘ DEFECTS
A=20 U=10
any e - OUTGOING
PART NIT
oEFEcTs ___ | ASSEMBLY 24 Y . DEFECTS
% $5 = 0.20 S5 = 0.40 D =20
|
'
DEFECT DEFECT
FALLOUT FALLOUT
F,=6 F,=14

Figure 2.1. Latent Defect Flow for Process Without Stress Screening

Figure 2. 2 shows the same unit with stress screening at both the
assembly and unit levels and screening strengths of 0.70 are assumed. The
same number of latent defects are introduced (40) but because of the
increased screening strength, 34 defects are precipitated, leaving only 6
defects to be found in field use. The reduction of 20-6=14 defects saves
$140,000 in maintenance costs {at $10,000 per repair). If the cost of doing
the screening is less than the discounted value of $140,000, the
screening has been cost-effective.

N
N
L'd
A=20 u=1o0 e
1 l 6
ASSEMBLY 9 UmMIT
N, = 10 =——— OUTGOING
P 55 =0.70 ss=070 | D=6
Fl =21 FZ =13

Figure 2.2. Latent Defect Flow for Process with Stress Screening
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Fizure 2.3. Field Maintenance Costs for Repairs Resulting From Latent Defects

- Figure 2.3 shows that, for this example, at $10,000 per field repair
a total of $200,000 will be spent in maintenance as a result of the 20
latent defects (p=.001). The figure shows costs rise rapidly as the initial

fraction defective increases.
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2.2.2.2 Using Stress Screening to Achieve a Reliability

Requirement. It 1is generally believed that large part popula-
tions are couprised of two subpopulations, viz., "good" parts
with a 1low failure rate, Ag , and "bad" parts with a high
failure rate, Ab. It is further believed, and empirical and

experimental evidence supports, that the good subpopulation
dominates. The fraction of yood parts in the population may be
from 0.9 to 0.999, depending on the part type and quality grade.
There 1is increasing evidence {ref. 19) that failures occurring
during the life of equipment are latent defectives precipitated
to hard failures through the application of the normal field
usage stresses over a period of time. The continuously decreas-
ing subpopulation of bad (latent dJdefective) parts results in an
equipment life characteristic of a decreasing failure rate.

If the expected instantaneous failure rate of an equip-
ment 1is the summation of the_ failure rates of the good and bad
{defective) parts,

Aequipment = (N-D) Ag + DkAg (2-1)

where, N total part population

D

number of defective parts

Ag = good part failure rate

k Ag = defective part failure rate

and if estimates of )g and k can be made, then the number of
latent defects that corresponds to a desired eguipment failure
rate can be determined by solving (2-1) for D,

Aequipnent - NAg (2-2)

Ag(k-1)

Equation 2-2 addresses only latent defective parts and thereby
excludes latent workmanship defects, which can be included by ex-
panding equation 2-1,

equipment = (N—D)Xg + Dklkg + (M-C)Xc + Ck, A (2-3)

2'¢c
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where, M

total number of electrical connections

C

nuimber Of latent defective connections

e = good connection failure rate

kzxc defective connection failure rate 2

Equation 2-3 can be wused in planning and monitoring a stress
screening program for determining the necessary reduction in the
initial number of defective parts and the number of latent defec-
tive connections that yield a value of A equipment that cor-
responds to the desired equipment failure rate. At the conclu-
sion of stress screening, there are still some residual latent
defects. As these latent defects are precipitated by field use,
the reliability will improve because the latent defects are
replaced (with high probability) with good parts. See Appendix E
for a theoretical discussion of 1long term field reliability im-
provenient through latent defect elimination. Figures 2.4, 2.5
and 2.6 show this reliability improvement for systems of 2,000,
10,000, and 20,000 parts and initial fraction defective rates of
.001, .005, and .0l1. The figures represent systems of three dif-
ferent part counts, and undergo a natural screening of latent
defects (no stress screening) in which the good part failure
rate 1is107/and the bad part failure rate is 2 x 10-4 The cur-
ves 1in Figures 2.4, 2.5, and 2.6 were derived from a simulation
program which simulates failures of good and bad parts and keeps
track of cummulative MTBF as the number of failures due to bad
parts decreases with time.

2.2.2.3 Manufacturing Cost Savings through Stress Screening.
Consider the production model shown in Fiqure 2.7. The figure
shows a moderately large production operation involving 100,000
parts. This may represent a single, large system of that many
parts or multiple systems whose total part count is 190,000.
Assume that, without stress screening, the natural screening
strengths of the assembly, unit and system levels are 0.2, 0.4
and 0.6, respectively. If the incoming part defect rate is 0.5
percent and induced workmanship defect rates (as a fraction of
the number of parts) are as shown in the figure, a total of 850
latent defects are introduced into the process and 672 of them
are precipitated, detected and removed in the process, with the
balance of 178 remaining to be discovered in field use.

If stress screening is employed at the assembly and unit
levels, each with screening strengths of 0.70, the resulting
defect fallout at each level is as shown in Fiqure 2.8.
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Figure 2.4. F ield MTBF Impfovement Through Natural
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Figure 2.6. Field MTBF Improvement Through Natural
Latend Defect Fallout (20,000 Part System)
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Figure 2.7. Production Flow Model Without Stress Screening
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Figure 2.8. Production Flow Model With Stress Screening

The figure shows that there is significant increase in the number
of defects precipitated at the assembly level, a moderate

decrease at the unit level and a significant decrease at the sys-
tem level.

The cost analysis of the effect of the stress screening
for this example is shown in Table 2.1.

The table shows that the total manufacturing cost of repair
without stress screening is $354.2K and the cost of repair with
stress screeninyg is $175.6. This indicates that if the cost of
screening is 1less than $178.6K, a manufacturing cost savings
results. (Also, the reduction in number of latent defects escap-
ing to field wuse from 178 to 57 results irn a potentially
significant field maintenance cost savings).
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Table 2.1 Manufacturing Stress Screening Cost
Analysis Example.

Assembly Level Unit Level System Level
W/0 S5 W/SS | W/0 SS| W/sS! W/0 Ss| Ww/ss
Number of
Defects Preci-~ 140 -| 490 264 217 268 86
pitated
Cost per $50 $50 $300 | $300 | $1,000 | $1,000
Repair
Repair
Cost ($K) 7.0 24,5 | 79.2 65.1 | 268.0 86.0

Since the coust per repair estimates are expected to vary
with type and complexity of hardware, Figure 2.9 shows the total
assewbly repair costs (per 1000 assemblies) as a function of cost
per assembly repair. Figure 2.10 shows the total unit repair
costs (per 100 wunits) as a function of cost per unit repair.
Total cost is the product of cost per repair and expected num-
ber of repairs. The expected number of repairs is determined by
the expected fraction of assemblies defective as a function of
the initial part fraction defective, number of parts per assembly
and number of assemblies per unit, explained in paragraph 2.2.3,
below. Both figures show the repair costs incurred if all latent
defects entering that 1level are precipitated, detected and
eliminated at that 1level, which is unlikely since screening
strengths are not expected to approach 100 percent. Some latent
defects will escape to subsequent stages where repair costs are
higher. Therefore, the repair costs shown represent the lowest
cost to eliminate latent defects entering that level.

2.2.3 The Role of Part Level Screens

2.2.3.1 Part Failures in Field Use. The major portion of
failures that occur in field use appears to be part failures as
compared to workmanship failures, although during early life the
split Dbetween part and workmanship failures is about equal.
Figure 2.11 shows the changing distribution in failure types with
time for a system development prcygram. The early portion of the
figure represents the later development stages and the later

portion represents the final field testing stages.

27




22549-15

sisjeuy 150D nedoy Ajquisssy g’z 2andiy

YiYdIY ATTEBWIASSY ¥ 3d 150D

ozt 001 1] 09 oy oz
1 X ——
— m T ]
1000 =d’'ST = N
000 =d 5N
N
-ﬁ.ﬂ =

Sogzeres

59

) \\*49

£ °.Oc.f
+Q 9
1%9°*
<°
©
"
5
»
.0 4
eo -0@
»2 3AILD3 430 NOILOVYS L1UYd = d
° ATAWIASSY/SLYYE 4O HABWNN = N
kN

3
0 +
>
-
»
(1]
(%]
m
3
o
r
A
X
oy M
v
>
o
o
0
(7]
-
*
2z
09 _«u__
T
-
o
(-]
o
2
m
E4
o
os T
m
»
00t

28



siskpeny asoy medoy napy gz amthyg

22549-16

009

{$) ¥ivd 3¥ LINN ¥ 3d 1SOD

00S ooy 00€ 002 oot

L] | -

FELCERS A L AVILING

3A1123430 NOI

S0

o't

0z

L 4

(SLINN 00T ¥3d) (N$) SLSOD HIiYdIY LINN TYL0L

29




22549-17

192fo1g Juswdopaaa( repey e 105 aun ], Ag pue uonesyyisse]) Aq sompeg jo vonnqinsig “Y1°z amdg

(B3LUVYND AB) 3WIL

*L61

€L61

ﬂw

[

-

Y

by

TN

NSO

AN = 034V 138-DNINNLOVINNYW
T = aauvau-uniuasNions

[—] = 031v1384-1N3N04NOD

anN3oln

o¢

001

oSt

00z

SAWNTVS 4O ¥HIGWNN

30



Design-related failures are a small fraction of the total number
of failures 1in mature production systems. During development,
however, the distribution is quite different as indicated by
Figure 2-12. The figure shows the distribution of defects for
three recent, large scale (25,000 to 47,000 parts/system)
developnent programs over 2-3 years of field operation.

Part failures during production results in rework costs
as described earlier. 1If parts are procured without screening
and subjected to sample receiving inspection, the fraction defec-
tive may range from .01 ¢to .20, depending on part type and
quality grade. Even if the fraction defective is as low as .0l
and the parts are installed on assemblies averaging, say, 50
parts, then about 40 percent of all assemblies produced will be
defective (only one defective part can make an assembly defec-
tive). Figure 2.13 shows the expected fraction of assemblies
defective as a function of number of parts per assembly and part
fraction defective.

2.2.3.2 Relationship of Part Fraction Defective to Qua1£_x
Grade. The failure rate of different populations of microcir-
cuits, operating under identical conditions, can vary over an or-
der of nmagnitude, depending on quality grade (Class S versus
C-1). Yet, the major differences between the Class S die and the
class C-1 die are the visual inspection acceptance criteria,
level of process controls, and part-level screens and electrical
tests to which the dice are subjected. Since screens and tests
do not make devices more reliable (they improve lot quality by
eliminating some latent defective parts), a "good" class C-1 die
is as "good" as a class S die. Perhaps this can be extended to
"good" class D-1 die as well. Therefore, it can be postulated
that difference in failure rate of populations due solely to
quality grade is a direct measure of the difference in fraction
defective of those populations. '

For example, consider a class S, hermetic flatpack MSI
device of, say, 40 gates operating w1th T; =25 deg. C in a benign
ground environment. A failure rate b 0032x10° failures per
hour is calculated. Let 5,000 of such dev1ces be used in an end
item expected to operate 50,000 hours. The expected number of
device failures during the end item life 1is less than 1. For
this application, this device can be considered "good" and if the
population exhibited its calculated failure rate by having 0, 1,
or even 2 failures, the population might be considered to be free
of latent defectives. If a class C-1 device were used on the end
item instead of the class S device, an additional 20 failures
could be expected to occur during the same end item life, Adue
solely to the difference in quality grade. Perhaps the addition-
al 20 failures represent latent defectives in the population. 1If
the <class S parts were operated with 7;=100 deg. C instead of 25
C deg. the increase in failure rate would result in an additional
two failures during the 50,000 hours. This may indicate that the
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class S lot contains latent defectives that were precipitated by
the increased operating temperature. There can be no precise
definition for a latent defective part because the inherent flaw
which makes a part defective can range from a minor flaw {(which
may not be subjected to sufficient stress to cause degradation of
the flaw to a hard failure) to a major flaw which requires only a
slight stress. One view is that if a part fails during the life
of the end item in which it resides it is, by definition, a
latent defective part (excluding wearout failures). A device
population containing a small fraction of defectives whose flaws
range uniformly from minor to major would exhibit a decreasing
failure rate until it reached a 1limiting population fraction

defective,
*
ey (2-5)

k = ratio of defective part failure rate to
good part failure rate

See Appendix E for a discussion of the limiting fraction defec-
tive. References 12 and 21 also discuss the decreasing failure
rate characteristic relationship to defectives.

2.2.3.3 Incoming Receiving Inspection and Test. Microelectronic
devices procured to the quality requirements of MIL-STD-883
receive 100% final electrical testing by the part manufacturer
but, nevertheless, typically about 1 percent, and as much as 4
percent of the parts will not pass a similar electrical test per-
formed at receiving inspection. There are several possible
reasons for this, including:

) the seller's and buyer's tests are different
) seller testing errors
o buyer testing errors

) device damage or degradation in handling and
transportation

® inspection and sorting errors

To determine what fraction of incoming microcircuit test rejects
are actually defective, one manufacturer performed a retest of
525 rejects from a population of 75,981 devices tested. Results
indicate that about 50% of the rejects are defective. Results
are surmarized in Table 2.2. Other studies indicate that
without receiving inspection test, ¢0% of the dafectives will be
detected at the printed circuit board test, 10% will be detected
at higher levels and 30% will not be detected (device
applications not manifesting the defect).

34




TABLE 2.2 Results of Retesting Incoming Receiving Test
Microcircuit Rejects

. # of Total Rejects Verified (See Note)
Supplier Lots Qty. Total Y4 Pass Fail 4 Fail
A 25 8525 100 1.17 62 32 0.38
B 8 8435 22 .26 15 7 0.08
C 17 21826 166 .76 120 46 0.21
D 30 27295 144 .53 35 102 0.37
E 22 9471 96 1.01 31 63 0.67
F 2 429 6 1.40 4 2 0.47
TOTALS 104 75,981 534 0.70 267 258 0.34

NOTE: 525 of the 534 rejects were retested. Percent
failed shown in last column is the percent of
the total quantity tested.

\
Table 2.3 shows recent experience with receiving inspection test-
ing. The results in Table 2.3 for microcircuits show a slight
increase in percent rejects over the figures in Table 2.2 due
primarily to increased testing at elevated temperature (0.97% vs.
0.708%).

Table 2.3 Recent Receiving Inspection Test Results.

Average Percent
Part Type Quantity Quality Rejects Rejected
Microcircuits 1,419,581 B-1 13,779 0.97
Discrete Semiconductors 343,000 X 2,008 0.59
Passives 1,296,200 ER-M 8,539 0.66

The implication of the data in tables 2.2 and 2.3 is that
populations of parts, even high quality parts contain defectives
and if incoming receiving test is not performed then the estimate
of the initial fraction defective (PDEF) must be appropriately
adjusted when using the Stress Screening Model.
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2.2.4 Manufacturing Process Defects

2.2.4.1 Sources of Defects. Both patent and latent defects are
introduced during the fabrication, assembly and test processes of
equipment in manufacture. The patent defects pass through the
various assembly stages until detected by a test of sufficient
thoroughness and all but the most subtle are detected and
eliminated prior to shipment. Patent defects include the
following:

® Parts
- Broken or damaged in handling
- Wrong part installed
- Correct part installed incorrectly
- Part failed due to EOS/ESD
- Missing part

® interconnections

Incorrect wire termination
- Open wire due to handling damage

- Wire short to ground due to nisrouting or in-
sulation damage

- Missing wire

- Open etch on PW3

- Open plated-through hole

- Shorted etch (solder bridge, loose wire strand)
Latent defects cannot be detected until they are transformed to
patent defects through stress and time and stress screening is

intended to effect this transformation. Latent defects include
the following:

[ Parts
- Latent material or process defects
~ Partial damage through EOS/ESD

- Partial physical damage in handling
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- . Partial damage during soldering (excessive heat)
) Interconnections
- Cold sélder
- Inadequate/excessive solder
- Broken wire strands
- Insulation damage
- Loose screw termination (lugs)
- Improper crimp
- Unseated connector contact
- Cracked etch
- Contact contamination
- Loose conductive debris
2.2.4.2 Distribution of Defects. The quantity and distribution

of manufacturing process defects are dependent on three basic
factors;

® Density. Equipment with high part and/or wiring
density is more susceptible to induced process
defects due to smaller error margins and increased
rework difficulty.

® lMaturity. New production requires time to identify
and correct planning and process problems, train
personnel, etc. Maturity rate is dependent on

volume and time. Low volume over a long time period
has a low maturity rate.

® Process Control. Even with good process controls,
low maturity and high density may result in suffi-
cient process induced 1latent defects to Jjustify
stress screening. Maturity, with good process con-
trol, may eliminate the need for stress screening.

Because each manufacturer's production process is unique in terms
of product types, technology, skills, and management and worker
attitudes towards process control, there can be no single set of
guidelines for process defect elimination with general ap-
plicability. Each manufacturer must examine his own conditions
to determine the magnitude and nature of process induced defects
and decide the appropriate, perhaps cost-effective, course for
their elimination.
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Table 2.4 shows a typical distribution of interconnection defects
for printed wiring assemblies in early production, showing a
70/30 relationship of solder/etch defects and an overall defect
rate of 0.2% defects per part. The table shows the defects that
were detected without stress screening at the first opportunity
(first assembly test).

e

Table 2.4 Interconnection Defects Detected at First
Test for Early Production PWAs.
Average| Average
Parts IC's Defects Detected Defects [Defects
PWA Type Qty. Per Assy]| Per Assy.| Solder | Etch|{Other|Total]| Per Assy Per Part]
Digital 8,160 85.73 41.33 1,343 638 7 l,SBj 0.244 |0.0028
Analog 3,839 172.2 15.00 450 152} 2 60 0.157 |0.0009
TOTALS 11,999 113.4 32.91 1,793 790 9 2,592 0.216 {0.0019
If it is assumed that the number of PWA interconnection defects

per part increases linearly with an increasing percentage of in-
tegrated circuits, a reasonable assumption because IC's have more
solder connections per part and solder defects dominate, then the
data in Table 2.4 for digital and analog assenblies can be used
to derive the linear relationship,

y= mx+b
mn A in defects/part
A in fraction IC's
.0028 - .0009
.4821 = 0871 - -0048
y - .0028 = ,0048(x - .4821)
y = .0048 x + .00049
where y is the interconnection defects per part and x is the IC
fraction. The bounding values are .00049 when the PWA contains

no ICs and .0053 when all pzrts are ICs.

Table 2.5 shows the distribution of part defects over a one-year
reriod for wmultiple projects in various stages of maturity.
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Table 2.5. Part Defects Detected at Pirst Test for
Production PWAs.

W ~ Parts ICs Defects Detected Defects | Detects
PWA Type Qty. Per Ass'y. | Per Assy.|Broken Defective Other Per Assy.| Per Part
Digieal 41,879 108 35 876 | 14,426 |15,532] 0.736 | 0.00682
Analog 39,831 208 10 1,391 | 17,288 21,152} 1.321 0.0048
Totals 81,710 157 23 2,267 | 31,714 | 36,684 0.865 0.0055

Using the same methodology as above, the defects per part as a
function of the fraction of ICs is,

y = .00743x + .00444
where y is the part defects per part and x is the IC fraction. A
review was made of unit wiring defects covering a one-year
period. Results are shown in Table 2.6.

Table 2.6. Results of PFirst Opportunity Wire Testing
of Unit Wiring.

' Qty. Wires Qty. Wiring Fraction Defect Type
Time Period Tested Defects Defects Cont. Leak
Jun-Dec 1980 1,175,663 12,183 .0104 8,517 3,666
Jan~-July 1981 1,104,211 11,830 .0107 7,584 | 4,246
Total 2,279,874 24,013 .0105 16,101 7,912

Tables 2.2 through 2.6 represent a relatively small sample of the
nature and magnitude of defects to be expected in the manufactur-
ing process and are provided only to allow the SSM user to estab-
lish starting points for part and workmanrship defect values (PDEF
and ADEF) where better information is not available.

2.2.5 Screen Selection and Placement

2.2.5.1 General 1Industry Consensus on Screen Selection and
Placement. Because the origin of environmental stress screening

was in AGREE testing, specifically temperature c¢ycling and vibra-

tion of avionics "black boxes"”, the current general industry
consensus is that temperature cycling is the most effective
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stress screen, followed by random vibration (Ref. 12). The
vibration used in AGREE testing done in the past was single
frequency and relatively low level (2.2g). In search of more ef-
fective screens, the Grumman experiments (Ref. 8) indicated that
random vibration was more effective than either swept-sine or
single frequency sine vibration. The results of thermal cycling
in eliminating parts and workmanship defects (primarily during
AGREE testiny) were collected and summarized by Martin-Marietta
(Ref. 7). The results of the two studies (Ref. 7, 8) were com-
bined into NAVMAT P-9492 (Ref. 9) to serve as a starting-point
yuideline document.

At the module/assembly level, thermal cycling is believed
to be an effective screen for both part and workmanship defects.
The rate of change of temperature is thought to be an important
parameter, with higher rate of change being more effective.
Between 20 and 40 temperature cycles are generally recommended.
There are two opposing schools of thought on whether power should
be applied or not during the thermal cycling. There also is no
general agreement on the effectiveness of vibration at the
module/ assembly level. Experiments conducted at Hughes (Ref. 5,
6) indicated that vibration was not effective for printed wiring
assemblies (PWAs). Ref. 20 states that PWAs can be effectively
screened with broadband random vibration for certain defects.

At higher levels of assembly, i.e., units, groups, thermal
cycling and random vibration are effective screens. Less thermal
cycles are thcught to be necessary at these levels, varying from
4 to 12 cycles. Power on is generally accepted as more effective
and an increasing number of practitioners are recommending a per-
formance verification test (PVT) at each temperature extreme.
One report states that 80% of all defects detected during stress
screening were found during PVT at the low temperature extreme.
Several practitioners using randomn vibration at these levels cite
power on and continuous monitoriig as essential to detect inter-
mittents. Low level single frequency vibration is widely accep-
ted as being an ineffective screen.

There is some disagreement on the effectiveness of some
screens at certain levels of assembly, the source of which may
lie in differences in hardware type, construction, part content
and degree of design and production maturity. Also, the defini-
tions for the various levels of assembly (subassembly, assembly,

module, unit, group, etc.) are not ciear descriptions of the
items they represent.

2.2.5.2 Technical and Economic Factors to Consider in Selection
and Placement of Screens

2.2.5.2.1 Factors to Consider in Assembly Level Screen

Selection. Assembly level screens are intended to accomplish two
things,
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1) precipitate latent defects which have escaped the
part manufacturer's screens and receiving inspec-
tion tests, and

2) precipitate workmanship defects introduced in the
process of assembly manufacture.

The types of latent part defects expected to be present depends
on several factors, including,

1) types of parts comprising the assembly (i.e., mic-
rocircuits, discrete semiconductors, passive parts,
low population parts, microwave parts, etc.)

2) quality grade of the parts

3) extent to which the parts were previously screened
(e.g., receiving inspection tests and screens)

4) testability of the parts (e.g., microprocessor and
other LSI devices are difficult to test completely
and therefore precipitated defects may go
undetected).

Table 2.7 is a summary of the expected types of defects for com-
mon part types. The table may be used to assist in the deter-
mination of the most effective screen to be selected based on the
types of components that comprise the assembly to be screened.
If, for example, the assembly consisted mostly of passive com-
ponents, the table indicates that temperature cycling is the most
effective screen, followed closely by burn-in. 1In this case, the
choice of temperature cycling or burn-in should probably be made
on a cost basis. Ref. 7 provides detailed breakdowns of typical
failure modes and mechanisms for each major part type.

The types of latent workmanship defects expected to be
present also depends on several factors, including,

1) assembly type (i.e., PWA or hard wired assembly)

2) assembly complexity (e.g., number of printed wiring
layers, PTH density, metallization spacing, number
of parts, wiring density, technology type)

3) type of parts used (flat pack vs DIP, hybrids vs
discretes)

4) wire termination type (hand solder, wave solder,
wire wrap, crimp)

5) design and production maturity.
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Table 2.7, Distribution of Screening Methods for
Various Classes of Parts. (Ref. 7)

Percent Failure Modes Screened

Passive Discrete Monolithic Hybrid All
General Screening Method Components Semiconductors ICs ICs Parts
Mechanical Shock 0 2.6 0 1.4 10.0
Particle Impact (PIND) 0 7.9 0 5.1 3.3
Random Vibration 10.4 7.9 15.6 10.9 11.0
Burn-In 63.6 36.8 35.6 43,5 51.9
Temperature Cycling 70.1 31.6 24.4 38.4 48.6
Temperature Soak 7.8 31.6 28.9 30.4 22.9
Temperature Shock 13.0 13.2 0 3.6 2.4
Power Cycling (ON/OFF) 13.0 13.2 0 3.6 7.1
High Pot. 2.6 0 0 0 1.0
Short Term Overload 39.0 0 0 0 14.3

The recommended method for estimating the expected quantity and
type of latent assembly workmanship defects is to use experience
data on assemblies of similar characteristics produced under
similar conditions. Table 2.8 provides a brief listing of typi-
cal latent defect categories applicable to the assembly level and
the types of screens thought to be effective in precipitating the
defects. Table 2.8 may be used to assist in the selection of a
screen type based on knowledge of prior workmanship defect types
present in similar assemblies. The table indicates that vibra-
tion screens are effective for loose contacts, debris, loose
hardware and mechanical flaws while thermal screens are not ef-
fective. Also, thermal screens are effective for defects relat-
ing to improperly installed parts, wire insulation, improper
crimp and contamination while vibration screens are not effec-
tive. For other types of workmanship defects identified in the
table, both thermal and vibration screens are effective.
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Table 2.8,

Defect Type Detected

Defective part

Broken part
Improperly inst. part
Solder connection
PCB etch

Loose contact

Wire Insulation
Loose wire termination
Improper crimp
Contamination

Debris

Loose hardware

Mechanical flaw

Assembly Level Defect Types Precipitated
by Thermal and Vibration Screens

Thermal Screens Vibration Screens

MO M M XM
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If a thermal screen (temperature cycling or constant
temperature burn-in) is selected for the assembly level, the fol-
lowing screen parameters must be determined:

1) Maximum temperature - The maximum temperature to
which the assembly will be exposed should not ex-
ceed the lowest of the maximum ratings of all the
parts and materials comprising the assembly.
Non-operating ratings for parts are higher than the
operating ratings.

2) Minimum temperature -~ The minimum temperature to
which the assembly will be exposed should not ex-
ceed the highest of the minimum ratings of all the
parts and materials comprising the assembly.

WOTE: 1) and 2), above, must be carefully selected to
agsure that maximum screening effectiveness is
achieved. Exceeding the maximum ratings may result in
damage to non-defective parts or materials which is
contrary to the principle of stress screening. If the
operating temperature for a power-on screen cannot be
readily determined analytically, a thermal survey of
the item to be screened should be performed to deter-
mine the maximum and minimum screening temperatures.

3) Temperature rate of change -~ Screening effectiveness
increases with increasing temperature rate of
change. The maximun rate of change is dependent on
the thermal chamber characteristics and the thermal
mass of the items to be screened.

4) Dwell at temperature extremes - During a temperature
cycle it is sometimes necessary to maintain the
chamber temperature constant once it has reached
the maximum (or minimum) temperature, sometimes
referred to as dwell. Dwell may be required to al-
low the item being screened to achieve the chamber
temperature. The item thermal lag depends on ther-
mal mass and most PWAs have a low thermal mass.
Figure 2.14 shows the part case temperatures track-
ing the chamber temperature very closely, therefore
eliminating the need for dwell. PWAs with more
mass may require some dwell or dwell may be
required if a PVT or a vibration screen is to be
imposed at a temperature extreme.

5) Number of Cycles - Ref. 12 recommends 20 to 40 ther-
mal cycles for the assembly level. If the SSM is
used, the number of cycles is determined by the
required screening strength. (See Section 4).
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The determination of whether or not to apply power to assemblies
being screened and whether or not to perform a functional test

during the screen requires consideration of the following
factors;

1) Predominant type of defect present - If the
predominant type of defect is expected to be a weak
interconnection which is transformed to an open
circuit by the screen, (cold solder joint, weak
wire bond) then a post-screen test will detect the
open circuit and power-on is not required.

I1f, on the other hand, the predominant type of
defect is expected to be of an intermittent nature,
then power-on with continuous performance monitor-
ing is necessary.

2) Economics - A fixture and associated test equipment
to house assemblies, apply power, provide stimuli,
and monitor assembly performance can be costly.
The tradeoff of fixture and test equipment cost and
potential benefits may prove difficult.

If a vibration screen is selected for the assembly
level, the type of vibration (i.e., random, swept-
sine or fixed-sine) must be sgelected and the fol-
lowing two parameters must be determined.

1) Vibration 1level - Ref. 9, 12 and 20 recommend
random vibration and suggest a level of 2
.04-.045 g /Hz provided that the assembly can
withstand that level without damage. If the
assembly dynamic response characteristics to
the vibration excitation are not known, a care-
ful vibration survey should be conducted to
properly establish the acceleration spectrum
and level. Ref. 20 provides a procedure for
conducting a vibration survey. Ref 12 suggests
use of swept-sine as a second choice if random
vibration cannot be performed. Single frequen-
cy vibration at the assembly level is con-
sidered as ineffective.

2) Vibration duration - Ref. 9 and 12 suggest 10
minutes per each of three axes. The need for
multiaxis excitation may vary from one assembly
to another and therefore it 1is desireable to
determine fallout per axis during initial
screens to allow screen adjustments.
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Some other factors to consider in determining the desireability .
of a PWA vibration screen are the PWA size and stiffness. Larger
PWAs will flex more and precipitate, such latent defects as
cracked etch, cold s8solder and embedded conductive debris.
Smaller PWA, particularly if conformally coated, are stiff and
not amenable to vibration screening.

2.2.5.2.2 Pactors to Consider in Unit Level Screen Selection.
It 1is the intent of assembly level screens to precipitate latent
part escapes and assembly workmanship defects. Unit 1level
screens are then intended to precipitate unit workmanship defects
and assembly level escapes. Unit level defect types vary with
unit construction but typically include interconnection defects
such as,

1) PWA Connector (loose, bent, cracked or contaminated
contacts, cracked connector)

2) Backplane Wiring (loose connections; bent pins,
damaged wire insulation, debris in wiring)

3) Unit Input/Output Connectors (locose or cracked
: pins, damaged connector, excessive, inadequate or
no solder on wire terminations, inadequate wire

stress relief)

4) Intra-Unit Cabling (Improperly assembled coax con-
nectors; damaged insulation).

Units may also contain wired assemblies integral to the unit and
not previously screened such as Power Control and BIT Panels, and
purchased assemblies such as modular low voltage power supplies.
The latent defects associated with those assemblies should be
considered in the selection of screens.

Thermal screens are more effective than vibration
screens in precipitating latent defective parts. Thermal cycling
and vibration screens are both effective in precipitating latent
workmanship defects although one screen may be more effective
than the other for certain defect types. The unit composition
and knowledge of prior screening will dictate the expected types
of defects and aid in screen selection.

If a thermal screen is selected, the same process as
described for the assembly must be followed. Differences are
outlined below.

1) Units have greater thermal mass and therefore the
higher temperature rates of change may be more dif-
ficult to achieve. A dwell at temperature extremes
is probably required.
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2) Power-on screening is usually easily accomplished
and widely recommended. A functional test (PVT) at
temperature extremes has been shown in several
cases to be effective in detecting defects not
detectable at room ambient temperature. As stated
previously, one project reported finding 80 percent
of the total defects during PVT at low temperature.

3) Less temperature cycles appear to be required at
the unit level. A range of 4 to 12 cycles is
common .

If a vibration screen is selected, it is very imporwant
that competent engineering personnel evaluate the unit to be
vibrated to determine the appropriate vibration type, level of
excitation and whether or not a vibration survey should be per-
formed. There is some evidence that for large, massive units,
low levels of vibration are effective screens.

2.2.5.3 Pre~- and Post-Screen Testing Considerations. If an item
is subjected to an unpowered screen, testing subsequent to the
screen may reveal part or workmanship defects requiring correc-
tion. If the item was not tested prior to entering the screen it
cannot be determined, even if a detailed failure analysis were
performed, if the defects found were precipitated by the screen
or were present in the item before the screen. 1If all the neces-
sary information relating to the effectiveness of the screen were
known, i.e., the average number of latent defects entering the
screen and the average screening strength in precipitating those
defects, it would not be necessary to know the condition of the
item prior to screening. However, stress screening has not yet
advanced to the point where quantity and type of latent defects
can be accurately predicted and screening strengths calculated
and therefore some degree of experimentation is necessary to
precisely derive reasonable defect rate and screening strength
estimates. Testing before entering a screen establishes a
baseline upon which post-screen testing results can be used to
measure the screening strength. The pre-screen testing should be
done immediately before the screen to eliminate the uncertainty
of latent defect introduction during such processes as cleaning,
conformal coating, handling and storage which may follow the ini-
tial item testing.

Once the screening effectiveness has been established
the value of Dboth pre-screen and post-screen testing has
diminished and it may prove cost effective to perform only post-
screen testing. When major perturbations take place, such as
production 1line changes, fabrication/assembly process changes,
personnel changes or alterations to the stress screening process,
it may be advisable to reinstitute pre-screen testing until the
process has stabilized.
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For long term production programs, the normal learning
curves result in process improvements and the quantity and dis-
tribution of latent defects is expected to change accordingly.
There will be a predominance of workmanship and manufacturing
process related defects in early production and component related
defects dominate mature production. Stress screens have a dif-
ferent degree of effectiveness for different defect types and
therefore screens that may have been effective during early
productions should be periodically re-evaluated to assure their
continued effectiveness.

2.2.6 Planning a Stress Screening Program for the Development
Phase

2.2.6.1 Characteristics of a Development Phase. A development
phase may consist of a very advanced development in which a tech-
nical concept 1is being validated and the hardware used in the
validation bears little resemblance to the production hardware.
At the other extreme, a development phase may be late engineering
development and the hardware is intended to be production .
prototype. Most often, a development phase will be somewhere in
between the above extremes. When a high volume production
program follows development, there may be a productization or
production engineering phase (PEP) in which major hardware design
changes are made to enhance producibility. Also, suppliers/ven-
- dors used in development may change for production. In short, if
a stress screening program is considered for a development phase
primarily for the purpose of gaining information for planning the
production phase stress screening program, consider the amount of
hardware changes expected and the relevancy of development phase
screening results.

2.2.6.2 Pro's and Con's of Stress Screening in a Development
Phase. As mentioned in the previous paragraph, one good reason
for stress screening development hardware is to gain information
about the nature and magnitude of latent defects in complex
hardware items. This knowledge is valuable in planning how to
cope with the problem in production. 1If a reliability demonstra-
tion test is required during development when a large number of
latent defects are present in the hardware, a stress screening
program may be the best way to reduce the number of defects and
give a high probability of passing the test. On the other hand,
the benefits to be derived from stress screening in development
may not be worth the cost of implementation. During development
there are many design related problems. About one-half of all
failures are design or engineering-~related. Also, there are many
manufacturing related problems but may have no relationship to
production problems because the development hardware may have
been fabricated in an engineering model shop, from engineering
sketches, with soft tooling, etc. Manufacturing-related problems
are about 30% of the total. Only one of five confirmed failures
in development is component related and many of these failures
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are a result of 1low quality part subatitution for long~1ead'

hi-rel parts. The hectic integration and checkout activity and
the lack of disciplined electrostatic discharge/ electrical over-
stress (ESD/EOS) controls results in a predominance of electrical
overstress failures. The combination of the above (numerous
design and fabrication problems and electrical overstress
failures) may tend to overshadow the latent defects during
development and make stress screening of questionable value.

2.2.6.3 Relationship of Stress Screening and Reliability Growth.
Reliability growth is achieved through the process of eliminating
correctable defects. All design problems and some workmanship
and component problems are correctable. When the proper correc-
tive action is taken on correctable problems, the resultant
hardware failures will not recur and the hardware manifests an
improved MTBF, called reliability growth. Reliability growth in
development can be enhanced through stress screening by
precipitation of latent defects (early in the growth process).
The latent defects eliminated through stress screening will not
occur as random failures during later stages of the growth
process.

2.2.7 Planning a Stress Screening Program for the Production
Phase

2.2.7.1 Using Development Phase Results to Guide Production
Phase Planning. As was pointed out in the preceding paragraph,
determination of the effectiveness of stress screening in a
development phase is difficult because latent defect failures are
masked by a predominance of other failure types. Therefore, it
is probably unrealistic to expect that accurate screening para-
meters can be derived for production phase screening from
development phase screening results. However, valuable informa-
tion can be gathered for the development phase which can be used
to guide the planning for production. The most valuable informa-
tion is:

1) Identification of hardware items (parts, assemblies,
units, equipments, ...) which exhibited Xxnown or
potential latent defects.

2) Identification of - suppliers/vendors whose' products
show potential latent defect problems.

3) Assessment of the effectiveness of corrective actions
taken to eliminate latent defects.

4) Known defective items, eliminated from production, tae
substitutes for which may require gqualification test-
ing and stress screening to assure the absence of
latent defects.
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5) The cost and schedule estimating factors for stress”
screening during development, and their applicability -
to production.

2.2.7.2 1Initial Production Phase Start-up Problems. Typical
start-up problems to be expected include the following:

1) Production personnel unfamiliarity with stress screen-
ing requirements.

2) Facilities and test equipment unavailable for stress
screening.

3) Production planning errors result in incorrect screen-
ing and stress screening omissions.

4) Required stress screening data is not recorded or
recorded incorrectly.

5) Schedule priorities preempt stress screening
priorities.

6) Loss of failed parts preclude a sufficiently thorough
analysis.

7) Excessive lag time from screened item failure to
repair, making timely analysis of screening results
difficult.

8) Factory test equipment breakdowns.
It is optimistic to state that all of the above problems can be

avoided through careful planning but it is nevertheless correct
to state that careful planning is the only hope to minimize them.

The planning requires that all organizational activities in

manufacturing involved in the stress screening be made aware of
their roles and responsibilities at a time early enough that they
are able to plan their functions and acquire the necessary
resources to execute their responsibilities.

2.2.7.3 Planning for Subcontractor/Supplier Stress Screening.
If it is determined that certain subcontractor/supplier items
will require stress screening, the first decision to be made is
whether the items are to be screened at the subcontractor's/ sup-
plier's facility or screened by the prime contractor, either at
receiving inspection/test or at a higher level of assembly.
There are several benefits to screening at the subcontractor's/
supplier's facility,

1) Subcontractor/supplier concern for yield at screening,
translated to profits, may force process improvements
to minimize latent defects.
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2) Screening at receiving inspection/test requires return
of defectives to the subcontractor/supplier, and may
result in shortages and concomitant schedule slips.

3) Special stress screening facilities and test equipment

do not have to be acquired/supported/ operated by the
prime contractor.

Few benefits of stress screening of a subcontractor/supplier item
by the prime contractor can be identified.

To assure that the subcontractor/supplier is able to per-
form the required stress screening, it is important that the
requirements are made known at an early enough time to allow hin
to acquire the necessary capability, or alternatively, arrange
for an external 1laboratory to plan to perform to the require-
ments. This early planning is required to assure that the sub-
contractor/supplier is contractually required to perform the
specified stress screening and record and report the results.

2.3 Contractual Considerations in Stress Screening

2.3.1 General Considerations. There are two views on stress
screening that relate to contractual considerations. One view is
that a stress screen or stress screening program is similar to a
formal qualification or acceptance test, requiring contractual
terms, formal test plans, procedures and reports. Contractually
required failure free periods are appended to screens in this
view and strong considerations are being given to coupling incen-
tives to screening results. The second view is that stress
screening is Jjust another step in the production process to be
applied selectively and temporarily as an effective method of
eliminating latent defects and achieving cost savings and/or
schedule improvement in the process.

It is not surprising. that the first view is widely held
by consumers while the second view is more common among
producers. Consumers are primarily concerned with elimination of
latent defects prior to acceptance to avoid the high cost of
field repairs and to improve operational readiness. The
producers primary concern is to optimize the production process
by eliminating latent defects at the lowest possible assembly
level, thereby effecting cost savings and avoiding schedule
delays. If the producers process does not satisfy the consumers

objectives, contractual terms must be executed to enhance the
process.

2.3.2 Contractual Flexibility to Permit Stress Screening
Program Adaptability. In early production, a number of unknowns
preclude adoption of optimum stress screening. Some of the more
significant unknowns are:
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1) residual design deficiencies

2) manufacturing planning errors

3) worker training

4) new suppliers

5) latent defects in new part lots

6) new process capability

7) stress screening effectiveness

'8) testability (for defect detection)

The stress screening program, even if carefully planned, may
produce unexpected results which should be addressed though
modification of the screens. The principle of adaptive screening
is to adjust the screens on the basis of observed screening
results so that the screens are always most cost-effective.
Contract terms should be flexible enough to permit a modification
of screens or screen parameters when such modification is shown
to be beneficial to the consumer.

In long term production the quantity and distribution
of latent defects changes with time and therefore contract terms
should contain provisions for periodically reassessing the in-
dividual screens and the overall screening program. The overrid-
ing criterion for change should be the most cost-effective
achievement of consumer objectives while remaining consistent
with the optimum production process.

2.3.3 Failure Free Cycles. While currently used in some
stress screening programs and apparently gaining in popularity,
all that can be meaningfully said about failure free cycles is
that some small measure of confidence is gained that the product
is not totally devoid of merit. End-items being screened, say
units, typically have inherent MTBFs of  500-5000 hours.
Failure-free periods may range from 1-10 percent of the inherent
MTBFs. Figure 2.15 shows the probability of passing a failure
free period in 1, 2, or 3 tries as a function of the True
MTBF-to-Inherent MTBF ratio. The figure clearly shows that items
with low ratios (indicating many remaining latent defects) have a
good chance of passing a failure free period. For example, an
item which has only 1/10 of its specified MTBF has a 75 percent
chance of passing a failure free period in 3 or less attempts.

2.3.4 Incentives Associated with Stress Screening. Many com-
mercial products exhibit extremely good "field" reliability
without having been contractually required to perform stress
screening. For commercial producers, the producers objective
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stated in 2.3.1 is modified to include in the process optimiza-~
tion the least repair cost during the warranty period.
Significant losses that might accrue through excess field repairs
resulting from latent defect escapes must be avoided. Some com-
mercial manufacturers employ forms of stress screening to
precipitate latent defects while others concentrate more on
process control and worker training and motivation.

3 TRIES

PROBABILITY OF PASSING

0.0 | 1 [} 1 ] 1 | 1 1
0.0 0.1 0.2 0.3 0.4 0.8 0.6 o7 0.8 0.9 1.0
TRUE MTBF + SPECIFIED MTBF

Figure 2.15. Probability of Passing a Failure Free Period of Duration 0.1 x Specified MTBF

The producers concern for potential losses (which may
be stronger than his concern for potential gains) resulting from
excessive maintenance in early fielding may be the necessary
motivation for delivery of defect-free products, be it through
stress screening or other means. The further pursuit of warran-
ties, RIW contracts, guaranteed reliability, full contractor
maintenance, etc., seems strongly justified.
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3. DATA COLLECTION, ANALYSIS AND REPORTING

3.1 Data Collection. A stress screening program conducted
during a development or early production phase will be concurrent
with many other activities such as reliability improvements
through design changes, quality improvements through manufactur-
ing process changes, and supplier corrective action programs.
The simultaneous activities will, collectively, result in a
product improvement the credit for which may be difficult to as~-

sign. To gain assurance that the stress screening measures taken

to improve reliability (or just to precipitate latent defects)
are cost effective, it is important that the proper data be
gathered and analyzed. This is particularly true if an adaptive
stress screening program, where screening results are compared
with pre-determined criteria, is employed. Data other than
screening results is important for use in conjunction with the
analysis of screening data, and includes,

) Qualification test results

® Supplier acceptance test results

o Part receiving inspection/test results
e Failure history

[ ) Item inspection and test records.

3.1.1 Data Collection Requirements for Stress Screening Program.
The determination of the specific data elements to be collected
during a stress screening program can be made or the basis of the
program objectives. Simple stress screening programs require
little data other than the number of defects precipitated by the
screen(s). When adaptive stress screening is conducted, con-
siderably more data 1is required. The principle of adaptive
stress screening is the change of the stress screens applied, on
the basis of observed results, to achieve the most cost-effective
elimination of latent defects. Therefore, adaptive stress
screening requires data related to the effectiveness of the ap-
plied screens and the actual costs incurred.

The effectiveness of a stress screen can be measured by
its screening strength, i.e., the prcbability that, given that a
latent defect 1is present, the stress screen will transform the
latent defect into a patent, or hard, defect and that defect will
be detected by the screen. However, only the total number of
defects found as a result of the screen is observable, which is
insufficient to determine screening strength. The expected num-
ber of latent defects , F, precipitated by a screen is,

F =D x Screening Strength
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or the product of the screening strength and the number of latent
defects entering the screen. The true values of D and screening
strength are unknown. Further, the observed number of defects
may not be totally comprised of precipitated latent defects but
may include patent defects which have escaped prior screens.
Another complicating, yet important, factor is that screening
strength is a combination of the ability of the screen to raise a
latent defect to a detectable level and the ability of the screen
to detect it. The probability that a patent defect will be
detected by the test to which the item being screened is subjec-
ted is called probability of detection, Pd, or detection ef-
ficiency. The value for Pd varies with the equipment complexity
and the thoroughness of the test. Modern equipment comprised of
microprocessors, large memory devices and other LSI devices may
contain patent defects so subtle that only the most thorough of
tests will detect them. The screening strength equations in the
SSM are derived from screening experience with 1less complex
equipmeft and therefore the screening strengths can be expected
to be somewhat reduced for modern, complex equipments. Because
there are many unknowns (e.g., initial part fraction defective,
nunber of manufacturing defects introduced at each stage of as-
sembly, the effectiveness of screens to precipitate the various
types of latent defects, and the ability of equipment tests to
detect precipitated flaws) in the art of stress screening, it is
important to collect as much meaningful data as possible during
the screening process so that analyses of the data may be helpful
in developing better estimates for the unknowns. Some of the es-
sential data elements are,

1) Defect data: Number of defects observed, time-to-
failure or cycle-of-failure, failure classification (part,
design, workmanship) and failure cause (to assist in discrimin-
ating between latent and patent defects and in determining
corrective actions).

2) Screen Parameter Data: Recording of chamber tempera-
ture and the temperature of the item being screened
during tempe.ature cycling and constant temperature
screens are important, at 1least initially, to ascer-
tain that the chosen screen is actually being applied.
For vibration screens, the vibration input and test
item response are needed.

3) Cost data: Data related to the cost of conducting the
screens and the cost of repairs due to precipitated
latent defects, including, chamber/facility usage
hours; labor hours; labor classifications.

Ref. 17 provides an extensive discussion of data collection
during production with emphasis on the aspects of environmental
stress screening.
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3.1.2 The Role of Failure Analysis in Determining Screening
Effectiveness. The effectiveness of a screen can be measured by
‘the number of latent defe.ts that are precipitated by the screen
(fallout) and the number of latent defects precipitated at sub-
sequent screens. The fallout at one level of screening is insuf-
ficient as a measure of effectiveness because the number of
latent defects entering the screen is unknown. A comparison of
fallout at successive screens provides a basis for estimating the
initial quantity of latent defects and, therefore, effectiveness.

The total number of failures occurring during a screen
(or detected at a post-screen test) are not all precipitated
latent defects. Some are patent defect escapes from lower level
testing. Examples of such patent defects would be manufacturing errors
such as missing components, improperly installed components and
wiring errors which were not detected at prior test/inspection
levels, A failure analysis of the "fallout" data is necessary
to segregate the manufacturing errors from the true part and
workmanship defects and to further segregate the screen-induced
defects (precipitated latents) from the patent escapes. In some
cases a detailed failure analysis, including part autopsy, may be
required to distinguish latents from patents and should be done
if economically justifiable. Analysis 1in conjunction with test
thoroughness investigation will help in establishing the assembly
level at which the defect was introduced.

3.1.3 Analysis of Stress Screening Data.

3.1.3.1 Data Analysis for Monitoring the Stress Screening
Program. Since a stress screening program isg established for the
purpose of precipitating latent defects and thereby improving
early field reliability and, perhaps, saving production costs in
the process, it is highly desireable, if not absolutely neces-
sary, to gather and analyze stress scrcening data to determine if
latent defects are being precipitated at the expected rate. An
extensive review of stress screening literature conducted during
the course of this study confirms that data collection and
analysis 1is the most neglected aspect of stress screening.
Inasmuch as it is widely recognized that estimating the number of
latent defects present is, at best, difficult and there is con-
siderable uncertainty about the ability of various stress screens
to precipitate those defects, the importance of carefully examin-
ing the initial screening results cannot be over-emphasized.

The SSM can be used to assist in the analysis of data.
The model calculates the expected fallout F, of any screen i by,

F = (Di + ADEFi) * SSi‘

where D; = number of latent defects entering the screen
at the ith assembly level
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ADEF; = number of latent workmanship defects introduced
at the ith assembly level

S§§; = screening strength of the ith screen

The SSM also calculates a probability interval, i.e., upper and
lower bounds on the expected fallout. A .99 probability interval
is computed by the model unless a different interval is requested
by the user. See Appendix B for a theoretical discussion of the
probability interval calculation. If the actual number of
defects precipitated by the screen is within the desired prob-
ability interval, it can be concluded that the stress screening
is proceeding as exrected. If, on the other hand, the actual
fallout lies outside the interval, an analysis of the data is in-
dicated. The fallout data may either exceed the upper bound or
fall short of the lower bound. When the upper bound is exceeded,
four possibilities exist:

1) the screening strength may be greater than calculated
by the model,

2) the estimate of the initial part fraction (PDEF) may
be low,

3) the estimates of induced assembly defects (ADEF) may
be low, or

4) the fallout may include patent defects that escaped
detection in prior process steps.

To be able to determine which of the four possibilities is most
likxely, a thorough analysis of the actual fallout data is
required. If the fallout data 1is predominantly part defects as
compared to assembly defects, possibility 2) seems 1likely.
Conversely, if assembly defects predominate, possibility 3) seems
more likely. If the part and assembly defects are in the expec-
ted proportion but high, possibilities 1) or 4) may be selec:ed.
the same type of reasoning can be applied when the actual fallout
falls shoit of the lower bound.

3.1.3.2 Data Analysis for Evaluating the Stress Screening
Program. Stress screening programs may be costly to implement,
and are justified by the resulting subsequent savings. Caution
should be exercised to avoid commiting tc a fixed stress screen-
ing regimen for a iong production run on the basis of the initial
cost-effectiveness analysis and earlvy screening results. Time
may bring about changes that impact on the cost-effectiveness of
screening, such as changes in the magnitude and distribution of
latent defects, cost of conducting screens, cost of repairs, and
improved estimates of screening strengths. The SSM, with its
optimization feature, can be used to determine a new set of
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screens or revised screening parameters that are more cost
effective. Refer to the examples in Section 4.0 to see how the
SSM can be used for this purpose.

The data analyses required for cost-effectiveness evalua-
tion are,

1) reviscd estimates of part and assembly defects

2) adjusced equipment-related parameters of screening
equations (using the adaptive feature),

3) revised estimates of screening cost (at this point,
the fixed cost is sunk cost and may be excluded from
the analysis),

4) revised estimates of repair costs at each level of
assembly.

Data analysis during a production screening program sex-
ves another vital purpose besides determining the cost-
effectiveness of the screening. Proper analysis of fallout data
aids in identification of "correctable" defects which, if correc-
tive action is taken to eliminate their source/cause, will not
recur in subsequent production items. Elimination of correctable
defects results in reduced fallout and lower production costs,
which may indicate a need to alter the screens. Sufficient
elimination of correctable defects may result in no further need
for screening.

3.1.3.3 Using the Chance Defective Exponential (CDE) Model to
Evaluate Stress Screening Results. Ref. 11 provides a method of
temperature cycle screening data analysis which gives estimates
of screening strength, initial fraction defective and constant
failure rate. Figure 3.1 is an extract from Ref. 11 showing a
sample histogram plot of unit average failure rate per tempera-
ture cycle. The per cycle data 1is used to develop maximum
likelihood estimates {MLE), for parameters a,, a4 and a, using a
constrained optimization computer program developed by McDonnell
Aircraft Company.

The parameters of the CDE model (ag, aj, and aj) are
directly related to key unknowns (initial fraction defective,
screening strength, latent defective fallout rate) vital to plan-
aing, monitoring and evaluating stress screening programs.
Therefore, the CDE model is considered +to have potential as an
analytical tool for evaluating a screening program. The para-
meters are;

= NX g, where I 1is the total number of parts in the

a
0 item(s) subjected to stress screening
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and Ay 1is the failure rate of good parts, i.e., parts

without latent defects. then provides a measure of
failure rate of the good parts subjected to the
screen.

a; = Np, where p is the fraction of the part population
that is latent defective. a; is then a measure of the
total number of latent defective parts entering the
screen.

a, = kAg, where k is the ratio of the failure rate of
latent defective parts to the good parts. a,; is then
a measure of the rate at which 1latent defectives
precipitate into patent defects under the conditions
of the stress screen, and therefore is a measure of
the screening strength.

Obtaining estimates of a,, a,, and a,, from actual screening
fallout data allows the estimation of the vital screening program
parameters. Since = NAg, an estimate of provides an estimate
of Mg because N is known. Similarly, since a,, = Np, an estimate
of a; provides an estimate of p (fraction defective). Finally,
an estimate of a, provides an estimate of k since an estimate for
Ag is derived from a,.
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3.2 Reporting of Results

3.2.1 Purpose of Reporting Results. Timely reporting of the
results of stress screening to cognizant management personnel is
important to provide the necessary visibility regarding progress
toward achieving the stress screening program objectives
(achievement of a reliability requirement, manufacturing cost
savings, field maintenance cost savings, or combinations there-
of). Timely and accurate reporting allows decisions to be made
regarding changes to the stress screening program for improved
effectiveness or enhanced cost savings. Reporting also serves as
a forcing function on the important tasks of stress screening
data collection and analysis.

3.2.2 Reporting Methods. There are three basic methods of
reporting results to management,

1) Periodic verbal reporting with visual aids,

2) Periodic written reports, ranging from informal, in-
ternal correspondence to formal, contractually
required reports, and

3) Computer generated reports, either in hard copy form
or image form on graphics terminals.

The verbal reporting method is most common and has the advantage
of facilitating a question/answer exchange for report clarifica-
tion. The disadvantage of this method is that it is more time
consuming than the preparation of an informal report but this may
be Jjustified by the more effective information transfer. The
verbal reporting 1is most desireable at the beginning of the
stress screening program when there is the highest degree of un-
certainty and highest management interest. As the stress screen-
ing program initial adjustments are effected and screéning
results are consistent with expectations, reporting should trans-
fer to informal internal correspondence (e.g., weekly reports)
and, perhaps, a formal monthly or bi-monthly report to the cus-
tomer. The third reporting method is most efficient and is ap-
Plicable during any phase of the stress screening program.

3.2.3 Report Content. The content of the reports should be
tailored to the specific objectives of the stress screening
program. If the primary objective is to achieve a reliability

requirement, a reliability projection based on screening results
is most appropriate. Cost data is always an appropriate report-
ing element and may include planned versus actual screening
costs, manufacturing costs, or field maintenance costs. Below
are some other typical reporting elements:

® Assemblies screened to date (total number of)
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Assemblies passed screen without failure
Assembly workmanship defects expected
Upper and Lower Bounds

Assemblies with 1, 2, ... defects
Parts on assemblies screened

Part defects detected

Part defects expected

Upper and Lower Bounds

Assembly workmanship defects detected
(Repeat of above for units, systems)
Assembly yield

Assembly repair costs

Unit repair costs

System repair costs

Estimated part fraction defective
Correctable failures

Corrective action status
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4. THE STRESS SCREENING MODEL (SSM)

4.1. Description of the Model. The SSM is a modified version
of the Screening and Debugging Optimization (SDO) Model (Ref. 1),
the changes to which are described in paragraph 1.2 of this
report. A simplified flow diagram depicting the stress screening
process is shown in Figure 4.1 below. The figure shows
(INCOMING) the total number of parts and number of defective
parts entering a screening process. At level 1, some workmanship
defects (ADEF) are introduced and the screen at level 1 has some
screening strength (SS) which acts on thé incoming part and
workmanship defects to produce an expected fallout of part
defects (PRT) and workmanship defects (WKM). The total number of
defects entering a level minus the fallout is the number of
residual defects passed on to the next level (DEF PASSED). After

passing through the three screening levels, there are still some
defective parts remaining (DEF P REM) and some workmanship
defects remaining (DEF W REM), resulting in some instantaneous

outgoing MTBF value. At each level there is an expected fallout
and because of random variations in defect qguantities and screen-
ing strengths, a probability interval with upper and lower bounds
(UPPR BND, LOWR BND) is computed for monitoring purposes.

INCOMING LEVEL1 LEVEL 2 LEVEL 3 OUTGOING
NO. PARTS: ADEF = ADEF = ADEF = OEF P REM:
NO. DEFECTS: ss= ss = ss = DEF W REM:

DEF PASSED CEF PASSED DEF PASSED MTBF =
EXPECTED EXPECTED EXPECTED
FALLOUT: FALLOUT: FALLOUT:
PRT WKM TOT PRT WKM TOT PRT WKM TOT
UPPR BND FOR UPPR BNO FOR UPPR BND FOR
08S FALLOUT: a8S FALLOUT: 0BS FALLOUT:
LOWR 8ND FOR LOWR BND FOR LOWR BNO FOR
08S FALLOUT: 08S FALLOUT: OBS FALLOUT:
Figure 4.1. Stress Screening Model Representation of the Production Flow Process
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4.1.1 Model Options. The SSM has three options, as follows:

1) MTBF Option (Option A). The SSM provides an optimum set
of stress screens to precipitate the required number of latent
defects to achieve a desired instantaneous MTBF at the termina-
tion of the screening.

2) Cost Option (Option B). The SSM provides a set of screens
to precipitate the maximum number of latent defects for a fixed
cost.

3) Trade-off Option (Option C). The SSM provides the
capability to evaluate existing screens and to identify equiv-
alent screens for trade-off purposes.

4.1.2 The MTBF Option. 1In this option, the user must input the
desired MTBF of the item(s) to be screened and must also input
the total number of parts comprising the item(s) and the expected
nunber of latent defects. User input requirements and model
default values are described in paragraph 1.5 below. The MTBF
value must be a series MTBF (i.e., the sum of the failure rate of
all parts subjected to the stress screen). The model may be used
for a single system or for multiple systems. The total number of
parts and MTBF must be adjusted accordingly. The model assumes
that the MTBF is comprised of the reliability characteristics of
good parts, with a failure rate 1g, and latent defective parts,
with a failure rate klg, good connections with a failure rate Ac
and defective connections with a failure rate kX ¢, as follows:

. -1
MTBF [(N-o)xg + DA (- + Ck 2 ] (4-1)

where N = Total number of parts
D = Number of latent defective parts

k = Defective part failure rate multiplier

M = Total number of connections
C = Number of latent workmanship (connections) defects

k = Defective connection failure rate multiplier

The SSM uses equation (4-1) to determine the optimum set of
screens that result in an MTBF equal to or greater than the
desired MTBF.
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4.1.3 The Cost Option. In this option, the user must input a
fixed cost amount for which the SSM will identify a set of stress
screens removing the largest number of defects.

4.1.4 The Trade-off Option. In those cases where a stress
screening program has already been defined, the user may want to
compare the overall cost and composite screening strength of the
pre-defined screens with the optimum screens selected by the SSM.
In this option, the user inputs the stress screen types and
screen parameters and the SSM will compute the total cost and
composite screening strength. This option also allows the deter-
mination of equivalent screens, i.e., if a given screen has some
undesirable characteristics, an alternate screen of equivalent
strength can be determined.

4.1.5 Description of User Inputs to SSM and Model Defaults.
Table 4.1 1lists the SSM data requirements and default values.
The model prompts the user for the necessary data for the option
chosen.

A ceiling cost (CREQD) for the screening program is neces-
sary only for Option B. The model optimizes removal of the larg-
est number of latent defects while staying under the ceiling
cost.

The total number of parts, the failure rate of good parts,
the failure rate of good connections, and the fraction of parts
which are defective are necessary for all options. Defaults are
available for all but the number of parts. Expected latent
defects are discussed in Paragraph 4.1.6 below.

The screen sequence is entered by use of the screen num-
bers as indicated below:

Screen lNo. Screen
1 Constant Temperature
2 Cycled Temperature
3 Random Vibration
4 Sine Sweep Vibration
5 Sine Fixed Vibration

Model defaults are:
Level 1 Cycled Temperature (1)

Level 2 Random Vibration (3)

Level 3 Constant Temperature (%g
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The SSM prompts the user for the test parameters in the chosen
test. Table 4.2 identifies the parameters for each test.

TABLE 4.2 TEST PARAMETER CROSS REFERENCE

TEST PARAMETER
No. 1 No. 2 No. 3 No. 4
1. Constant Temperature Temp. Test - -
Egtreme Time
o (Hrs.)
2, {ycled Temperature Upper Lower Temp. Number
Tgmp. Tgmp. Rgte Change| Cycles
(c) e ("C/Min.)
3. Random Vibration Vibration | Test - -
G-level Time
(g's) (Min)
4. Sine Sweep Vibration | Test - -
G-level Time
(g's) (Min)
5. Sine Fixed Vibration | Test - -
Vibration G-level Time
(g's) (Min)

In Options A and B (MTBF and Cost) the user chooses all but
the last parameter for all desired screens. An upper limit for a
range is chosen for the final parameter. The model examines a
grid of 5 points on each range. It then finds the optimal set of
time and/or cycle parameters.

In Option C (Tradecff) all parameters are fixed at user
inputs. The model computes test strengths, costs, fallouts, etc.

When the screen equivalency capability is utilized only
two screens are considered. All parameters in the given screen
are fixed by the user. All but one selected parameter are fixed
in the desired screen. The model finds the value for the
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variable parameter. This value yields a strength for the desired
test equal to the strength for the given test. If this value
cannot be achieved, a message is written and the user may enter
new parameters.

The basic cost equation for each test is of a linear na-
ture where:

test cost = fixed cost + (variable cost x test duration).

The default used for fixed cost in the SSM is zero due to
the assumption that test equipment, etc. are already available to
the wuser. Por assembly and unit 1levels the actual time on test
is multiplied by 158 since it was found in a previous study
(RADC-TR-78-55) that this yields an approximation of actual labor
hours. If the user wishes to alter the 15% constant its location
is given in Appendix F.

Test duration is a test parameter in all but temperature
cycling screens. The time required to reach the temperature ex-
tremes is computed by using the temperature rate of change param-
eter. It was found that the fuaction

ty = 4/dT (4-2)

where '3 = dwell time
dT = temperature rate of change (in oC/minute)

with wunits adjusted to yield hours, gave a gcod approximation of
dwell time. Thus, test duration for temperature cycling is
expressed.

d =
2Ncyc (tt + td) (4-3)
where d = test duration
Ncyc = npumber of cycles
ty = temperature transition time (minimumn
temperature to maximum temperature)
td ¥ dwell time

In all cases test duration is computed in hours and the input or
default variable cost is in dollars per hour. 1If the user does
not input a variable test cost the default of $3C/hour per hour
is used.
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The average cost to repair a defect found at each level
may be input. The default repair costs are $45 at level 1, $300
at level 2, and $990 at level 3.

Total costs at each level are given by the linear
equation;

€y = Cpy +Fy'Cy | | (4-4)
where Ci = Total cost at level |

cTi. Test cost at level i

F, = Number of latent defects precipitated (fallout) at

level i

CR = Cost to repair at level i (one repair per defect)

Workmanship defects introduced at each assembly level
(ADEF (i), i=1, 2, 3)) are entered as a fraction of the number of
parts.

If the SSM is being used to analyze fallout data this data
can be entered for each screening level. The model examines the
number of defects detected at each level to determine if it is
consistent with the expected number. Parts and workmanship fall-
out can be analyzed separately at each 1level or a total can be
used.

A probability value (PER) can be entered to change the
0.99 probability interval about expected fallout automatically
assumed by the model. A smaller probability yields a narrower
interval. That is, if the expected mean is the true mean, the
band which contains 80% of the actual fallout is narrower than
the band which contains 99%. It is suggested that the probabil-
ity interval not be made too narrow (PER not less than .80). An
overly narrow interval may frequently result in instructions to
change the screen when a change is not required. If the planned
mean is the true mean, then (1-PER) 1is the fraction of the time
actual fallout will still be outside the interval. That is,
(1-PER) of the time instructions will be given to change the
screen even though no change is needed.

4.1.6 Determining the Initial Fraction Latent Defectives. An
incoming lot of parts contains three subpopulations, viz.,

o parts that are "good", i.e., free of defects and are
expected to survive the useful life of the end item of
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which they are a part, given that they are not
subjected to stress beyond their ratings,

® parts that are "bad”, i.e., containing a patent defect
which precludes them from achieving their specified
performance, and,

e parts that are "marginal®, i.e., containing a latent
defect which when initially tested appear to be "good"
parts but when subjected to normal operating stresses
and time will transform to "bad" parts.

If an electrical test is performed on a received lot of
parts, the fallout from the test is expected to be all or most of
the "bad" parts. The "marginal” parts are not expected to fail
unless the operating stresses applied during the test and the

test duraticn are sufficient to transform the "marginal" part to
a "bad" part.

There is expected to be a good correlation between the
quality grade of parts used and the initial quantity of "bad" and
"maryinal” parts. That is, higher quality grade parts are expec-
ted to have fewer "bad" and "marginal" parts. This is par-
ticularly true for microcircuits because the processing and final
test and inspection requirements on the part supplier increase in
severity for increasing quality grades, which serves to reduce

the gquantity of marginal parts and preclude delivery of bad
parts.

Table 4.3, Initial Fraction Latent Defective Parts, is in-
tended to provide the user with default values in those cases
wiiere better information is not available. The table contains
values for type of equipment and quality level. The type of
equipiment is characterized by percentage of microcircuits,

number of microcircuits x 100
total number of parts

Quality levels range from 1 to 8 and indicate the general quality
grade of the equipment in terms of the various microcircuit, dis-
crete semiconductor and passive part quality grades. The table
values are derived through direct application of the values
of MIL-HDBK-217C, Notice 1, for a typical part mix.

Table 4.4 provides a sampling of generic equipment types
of recent vintage to aid the user in estimating the percentage of
microcircuits that an equipment or system might contain if it can
be related to one of the generic equipments.

72




TABLE 4.3 INITIAL FRACTION LATENT DEFECTIVE PARTS

Quality Grades |
Microcircuits [ § B B-1 | B-2 ;, C c-1 D D-1
Semiconductoryd JTXV JTX Mixed JAN/JTX JAN  IMix JAN/Non-Mil} Plastic
Passives S R P M/P M L/M L Com'l
Level 1 2 3 4 5 6 7 8
Percent
Microcircuits
100 .00086 | .00173 | .00520 | .01120 |.01378 {.02240 |.03015 | .06030
90 .00101 | .00229 | .00683 | .01427 {.01935 |.03442 |.04871 | .09084
80 .00116 | .00284 | .00846 | .01735 |.02492 |.04644 |.06726 | .12138
70 ,00130 | .00340 | .01C09 | .02042 |.03048 |.05846 |.08582 |.15192
60 .00145 | .00395 | .01172 | .02349 }.03605 |.07048 |.10437 ; .18246
50 .00160 | .00451 | .01335 | .02657 |.04162 |.08250 |.12293 |.21300
40 .00175 | .00506 | .01498 | .02964 |.04719 |.09452 |.14148 | .24354
30 .00190 { .00562 | .01661 | .03271 |.05276 |.10654 |.16044 | .27408
20 .00204 | .00617 | .01824 | .03578 |.05832 |.11856 |.17859 | .30462
10 .00219 | .00673 | .01987 | .03886 {.06389 |.13058 |.19715 |.33516
0 .00234 | ,00728 | .02150 | .04193 {.06946 |.14260 }.21570 }.36570
4.2 Using the Model.
4.2.1 General Instructions for User. The Stress Screening

Model consists of three programs designed to run interactively on
a terminal. ‘

NOTICE: The third program, "Adapt", must be link-edited to
the single precision IMSL library in order to run
in its present form. See Step 5 of Section 4.2.2.

If a user has access to the 1IBM 370 TSO system (or equivalent)

refer to paragraph 4.2.2. If not, the following general instruc-
tions describe the use of the Stress Screening Model.
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The three FORTRAN IV programs (PREFIX, SDOl, and ADAPT)
comprise the SSM and together require nine working data sets for
operation. These data sets should be "card image" (i.e., record
length of 80 characters) with appropriate blocking (consult your
installation requirements) and should be assigned FORTRAN IV data
set reference numbers 2, 4, 8, 9, 10, 11, 12, 13, and 17. While
the names assigned to these data sets are irrelevant to the
operation of the programs, the naming conventions used in para-
graph 4.2.2 are recommended. They are consistent with the data
sets in a previous version of the SSM (RADC-TR-78-55).

The next step is to assemble the required input data using
Table A.1 as a guide. Having allocated the working data sets,
the next step is to run the programs PREFIX, SDOl, and ADAPT, in
that order. The programs will prompt the user for all input data
which has been assembled.

4.2.2 IBM 370 TSO User Instructions. Figure 4.2 is a simplified
flow diagram of the SSM. The following instructions describe the
five steps necessary for initial use of the SSM.

Step 1. Using the program 1listings in Appendix F, create
PREFIX.SDO.LOAD, SDO1.LOAD, and ADAPT.LOAD. Recall that
ADAPT.OBJ shculd be 1link-edited to the single precision IMSL
library when forming ADAPT.LOAD. ADAPT.OBJ is the object program
compiled from the source program ADAPT.FORT.

Step 2. Create the empty data sets PROGRM.DATA, PD.DATA, F.DATA,
R.DATA, AB.DATA, LIMITS.DATA, OPS.DATA, FTIME.DATA, and
ADAPT.DATA. The user is not required to enter data directly into
these files. All data is entered interactively. The data files
are reused each time the model is executed. Thus, once they are
created, they may be ignored by the user. They are only used to
transfer data from one program to the next.

Step 3. Assemble required data. Using Table 4.1 as a guide,
determine user-unique values, default values, etc. Also see the
examples which follow.

Step 4. Execute the CLIST:

000010 FREEALL

000012 ALLOC FI(FTO2F001) DA(ADAPT.DATA)
000020 ALLOC FI(FTO04F00l1) DA(PROGRM.DATA)
000030 ALLOC FI(FT11F00l) DA(PLC.DATA)
000040 ALLOC FI(FTO8FO00l) DA(F.DATA)
000050 ALLOC FI(FTO9F00l) DA(R.DATA)
000060 ALLOC FI(FT10F00l) DA(AB.DATA)
000070 ALLOC FI(FT12F00l) DA(LIMITS.DATA)
000080 ALLOC FI(FT13F00l1) DA(OPS.DATA)
000085 ALLOC FI(FT17F001) DA(FTIME.DATA)
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CALL PREFIX.300

INTERACTIVE
DATA INPUT

i

CALL SDO)

CALL ODATA
REAOD FILES
CREATED
INTERACTIVELY

T

YES

CALL SEARCH

F

CALL SSPROB

COMPUTE SCREEN
STRENGTHS FOR
EACH TEST
PARAMETER VALUE

f

CALL SCREEN

COMPUTE TEST
STRENG TH AND
TOTAL COST FOR
EACH TEST
PARAMETER VALUE

NO

NO

YES

COMPUTE
COMPOSITE TEST
STRENGTH ANO
TOTAL COST

CALL RANK

ORDER TEST
CCMBINATIONS
8y COST

!

REMOVE TEST
COMBINATIONS
THAT ARE WITHIN

COMPARE OPTIMAL
SEQUENCE WITH
REQUIREMENT

CAN
REQUIREMENT
9€ MET

[

YES

CALL REPORT

OECODE TO TEST
VALUES AND
PRINT OUTPUT
REPOATS

v&s

FINO PARAMETER
TO YIELD

EQUAL SCREENING
STRENGTMS

FLAG NO
SOLUTION
USE BEST
POSSIBLE

-

CALL ADAPT

PRINT FLOW
OIAGRAM

FALLOUT

DATA TO

ANALYZE
'

FALLOUY
BELOW
BOUNDS

ACTUAL
FALLOUT FLOW
DIAGRAM

.D01% OF EACH
OTHER

}

PRINT REVISED
SCREEN
PARAMETERS

!

YEs

PRINT ESTIMATES
OF INCOMING
QEFECTS AND
SCREENING
STRENGTH

sToe

y
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Figure 4.2. Flow Diagram of the Stress Screening Model
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000090 CALL PREFIX.SDO.LOAD(TEMPNAME)
000100 CALL SDOl.LOAD(TEMPNAME)
000105 CALL ADAPT.LOAD(TEMPNAME)
000110 END

Ste 5. Enter data as prompted. Once data is input, the op-
timization and flow chart output will be printed without further
action from the |user. If there is actual fallout data to be
analyzed, the user will be prompted. If equivalent screens are
to be found, the parameters will be called for.

For subsequent use, only steps 3, 4, and 5 will be neces-
sary for use of the model since the load modules and data sets
are on file. The examples which follow illustrate some of the
possible options.

Two proprietary routines are used in the model. 1If IMSL
is not already available the user may wish to contact

International Mathematical and Statistical
Libraries, Inc.
Sixth Floor - MNBC Building
7500 Bellaire Boulevard
Houston, Texas 77036

Telephone (713) 772-1927
Telex 79-1923 IMSL INC HOU.

The IMSL routine MDCH is used in the computation of the
bounds for actual fallout in this program. As stated previously,
ADAPT.OBJ needs to be link-~edited to the single precision IMSL
library in order to run in its present form.

The use of MDCH is as follows:

CALL MDCH(CS, DF, P, IER)

where

CS = input value for which the probability is computed.
CS must be greater than or equal to zero.

DF = input value containing number of degrees of freedom
of the chi-squared distribution. DF must be greater
than or equal to .5 and 1less than or equal to
200,000.

P = output value containing probability.

IER = error parameter. Terminal error = 128 + N. N=l
indicates that CS or DF was specified incorrectly.
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Warning error = 32 + N. N=2 indicates that the
normal PDF would have produced an underflow.

MDCH computes the probability P that a random variable X
which follows the chi-squared distribution with continuous param-
eter DF, is less than or equal to CS.

Any chi-squared routine with similar input and output
parameters could be substituted if access to the IMSL library is
not avmilable.

The two lines -
CALL MDCH (X1,B(I),P,IER) BOUN 300
CALL MDCH (X1,Bl,Pl,IER) BOUN 360

found in ADAPT.FORT would be the only program lines chang-
ed if a different library routine is used.

A Newton-Raphson root-finding technique is used to obtain

the degrees of freedom since no available routine could do that
directly.

The IMSL Routine 2ZXSSQ is used for the least squares fit
of failure times to the CDE model. Parameters aj and a; of the
CDE model are estimated. Fairly extensive rewriting will be
necessary if a different curve-fitting routine 1is to be used.
However, if times to failure for level III are not to be
analyzed, ZXSSQ is not needed. The line calling ZXSSQ (OPT 200
in ADAPT) may be removed in this case.
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4.3
4.3.1
4.3.1.1

Examples of SSM Use
MTBF Option Examples

Planning a Stress Screening Program to Achieve a Qerta§n
MTBF, without Pre-established S%?eens. The user in this
example specifies an MIBF of 1200 hours and selects the
model default screens at the assembly, unit and system
levels. The least cost Thermal cycling screen at thg
assembly level and random vibration screen at the unit
level to achieve the desired MTBF is determined by the
SSM. A screen at the system level is determined not
necessary to achieve the 1200 hour MTBF value.

sssxs3s+ SELECTION OF PROGRAN INPUTS AND OPTIONS s»x#s#ss

IF THE MODEL DEFAULT 1S DESIRED, ENTER ZERO:

OPTION A FINDS OPTINAL TEST SEQUENCE 10 ACHEIVE A GIVEN PRODUCT

RELIABILITY REQUIREMENT

OPTIOMN B OPTINIZES PRODUCT RELIABILITY GIVEN A FIXED COST

OPTION C COMPUTES TEST STRENGTHS OF EXISTING SCREENS

DESIRED SERIES MTBF OF NEU SYSTEM (OPTION A ONLY,FOR GPTIONS B OR C
ENTER ZERD)

»

1200

TOTAL PART POPULATION(NO DEFAULT AVAILABLE)

)

5000

FAILURE RATES OF 600D PARTS; 600D CONNECTIONS=

?
00

?
0

PART QUALITY DEFECTS AS A FRACTION OF TOTAL PARTS=

.
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s8028282TEST AND PARANETER SELECTIQNse¢ssesss

FOLLOUING ARE THE AVAILABLE SCREENS 1

1. CONSTANT TEMPERATURE
2. CYCLED TEMPERATURE
3. RANDOM VIBRATION

4. SINE SUEEP "'IBRATION
S. SINE FIXED VIBRATION

DEFAULTS ARE:

LEVEL 1 LEVEL 2 LEVEL 3
TEMP. CYCLING RAN.VIB CONST. TEMP.
(2) 3 (1)

IF YOU UISH DEFAULT SCREENS ENTER ZERG, IF NOT, ENTER 13
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o 9 (-2

[~ 20 (=2

sae38203 EVEL (08583839

TENPERATURE CYCLING, LEVEL 1

THE DEFAULT VALUES ARE:

LOUER TEMNP=-354 DEG C

UPPER TEMP=71 DEG C

TEAP. RATE OF CHAMNGE=3 DEB C/NIN

RANGE OF CYCLES TO BE INVESTIGATEDN=0 10 20

IF YOU YISH THE DEFAULT VALUES ENTER ZERO, IF NOT, ENTER 1t

ENTER THE FOLLOWING MANUFACTURING PROCESS DATA, LEVEL 1
1F MODEL DEFAULTS ARE DESIRED FOR ANY ITEM, ENTER ZERO:

FIXED TEST COST IN DOLLARS=
VARIABLE TEST COST IN DOLLARS PER HOUR=
AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT THIS LEVEL=

ASSEMBLY DEFECTS AT THIS LEVEL AS A FRACTION OF TOTAL PARTS=
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o -3 <@ -9 o 9

Q 3

308830 0LEVEL 238300039

RARDON VIBRATION, LEVEL 2

THE DEFAULT VALUES ARE:

$-LEVEL=4 G ’

RANGE OF TIME TO 3E INVESTIGATED=8 TO 10 NIN.

IF YOU UISH THE DEFAULT VALUES ENTER 2ERO, IF NOT, ENTER 13

ENTER THE FOLLOUIRG MANUFACTURING PROCESS DATA, LEVEL 2
IF NODEL DEFAULTS ARE DESIRED FOR ANY ITEM, ENTER ZERO:

FIXED TEST COST IN DOLLARSs
VARIABLE TEST COST IN DOLLARS PER HOUR=
AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT THIS LEVEL=

ASSEMDLY DEFECTS AT THIS LEVEL AS A FRACTION OF TOTAL PARTS=
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[~JR% ) L= ]

s8I EVEL Isssasen

CONSTANT TEMPERATURE, LEVEL 3

THE DEFAULT VALUES ARE:

TEMPERATURE=70 DE§ C

TIKE RANGE TO BE INVESTIGATED=0 TQ 48 HOURS

IF YOU UISH THE DEFAULT VALUES, ENTER ZERO, IFf MOT,ENTER 1:

ENTER THE FOLLOWING MANUFACTURING PROCESS DATA, LEVEL 3
IF WODEL BEFAULTS ARE DESIRED FOR ANY ITEM, ENTER ZERO:

FIXED TEST COST IN DOLLARS=
VARIADLE TEST COST IN DOLLARS PER HOUR=
AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT THIS LEVEL=

ASSENBLY DEFECTS AT THIS LEVEL AS A FRACTION OF TOTAL PARTS=

IF YOU UISH A TABLE OF INPUTS ENTER 1, IF NOT, ENTER ZERO:
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PROGRAM DATA

®

* L
- A
A A

TY s d

B A\”‘ .

<1

pEE S

TTTTTUNPARTS LEVELS  (PDEF X NPARTS) cRE®d wiBF
5000 3 3. 0.0 1200,
ASSENBLY DATA
"""""" ASSENBLY LEVEL  EXPECTED NUNBER OF ASSEWBLY DEFECTS
1 10.
2 3.
3 3.
REUORK COST
LEVEL 1 43,
LEVEL 2 300.
LEVEL 3 790.
84
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LEVEL NO. 1 ‘ 4350.

TEST WNO. 2 CYT 71.00 ~54.00 S5.00 35.00 430.

LEVEL NO. 2 1933,

TEST NO. 3 RVID 6,00 7.50 .0 0.0 19535,

LEVEL NO. 3 0.

TEST NO. 1 CT 0.0 0.0 0.0 0.0 0.

TOTAL CoST $ 2404,

INSTANTANEQUS MTBF FOR REMAINING
FLAUS AT END OF SCREENING
WORKMANSHIP

PARTS ! 3. 6. 7. 8. 9. 10. 1.
0. ! 1936, 1935, 1935. 1935. 1954, 1954, 1934,
0. ! 1956, 1935, 1935. 1955. 1954, 1954, 1934,
1. ! 1584. 1584. 1384, 1384, 1383. 1583. 1583,
2. 1 1204. 1204, 1204, 1204. 1204. 1204, 1204,
kP 971, $71. 971, 970. $70. 970. 970.
L 813. 811, 813, 813. 813. 813. 813.
5. ) 599. §99. 499. 499, 499. 499. 499.

.8

TEST DESCRIPT
PARANETER VALUE

TEST SEQUENCE TYPE NO. 1 WNO. 2 NO. 3 NO. 4 TOTAL COST($)

10N

—m- —-owmae

IF YOU WISH A .99 PRODABILITY INTERVAL, ENTER

IF YOU WUISH TO ENTER A SMALLER PROBABILITY (FOR A NARROVER INTERVAL)

ENTER ONME:

ENTER PROBABILITY DESIRED:
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-

STRESS SCREENING FLOU DIASRAN

{ INCONING ¢ ! LEVEL ' @ ! LEVEL 2 ! ! LEVEL 3 ¢ ! OuTeoIms :
1EPARTSs | lADEF= ? IADEFs i IADEFs ?  IDEF P REM:!
H So0e0! ! 10.¢ ¢ 3.0} 3. 2.}
H 1=t {==)i == $==2! !
VODEFECTSs | 118= I - 1 P 118s ! IDEF B REN:!
H .0 0.403: ¢ 0.484: 0.0 ¢ ¢ 8.!
: L L L L | :
H ¢ IDEF PASSED!  IDEF PASSED! IDEF PASSED! INTBF: H
: Vot L P I 7.0 0.7 ¢ 1204.!
H L HE ¢ I :
v v v
EXPECTED ! EXPECTED ! EXPECTED @
FALLOUT: ¢ FALLOWT: ¢ FALLOUT: !

PRT UKN TOT!

2. 4. 6.1
UPPR BND FOR!
008 FALLOUT::

PRT uKi TOT!
1. 6. 7.0

UPPR BND FOR:
0BS FALLOUTs!

PRT UKM TOT!
0. 0. 0.

:

UPPR DND FOR!:
OBS FALLOUT::

. 8. 1.0 3. 9. 11,1 0. 0. 0.
LOUR BND FOR:! ILOUR BND FOR! !LOUR BND FOR!
08S FALLOUTs! (0BS FALLOUT:! i0BS FALLOUTs!

-, Gw me we e BE e v on Be Se Be e e e ae bo
- mE te ee Sw e e e Te e Be Se WO Te en e= Sw

0. 2. 2. 0. 0. 0.!

EL T DT TR L T A et T TR T TR PR T PEP Py
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INTERVAL MTSF

. TINE | WIDF
2000. ¢ 1219,
4000. @ 1233,
4000. ! 1247,
8000. ! 1241,

10000, ! 1275,
12000, | 1288.
14000. | 1302.
16000. ! 1314,
18000. ¢ 1327.
20000. ! 1339,

IF YOU HAVE FALLOUT DATA ENTER 1, IF NOT ENTER ZERO:

?
1 .
IF YOU HAVE SEPARATE FALLOUT FOR PARTS AND UORKMANSHIP ENTER ONE
IF YOU HAVE TOTAL FALLOUT ONLY AT EACH LEVEL, ENTER ZERO:
?
1
ENTER, IN ORDER, ACTUAL FALLOYT:
DUE TO (A) PARTS (B) VORKMANSHIP, AS PRONPTED:
FOR LEVEL 13
?
10
FOR LEVEL 2:
?
14
FOR LEVEL 3:
?
Y
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! INCONING |

STRESS SCREENING RESULTS:

+ BPARTS:
3000

ADEFECTS:
3.

- ma se =W Be e e o
e e e sw we as s Se oe

—oeeneeesenes

[)
U
~

{LEVEL 1 ! ! LEVEL 2 ! I LEVEL3 ! ! QUTSOING :
IADEF= | IADEF= i IADEF= 1  {DEF P REN:!
: 0.0 5.0 ¢ 3.8 3.1
! to->t t-=>1 1—->2 :
i78= torSs !iTss ! IDEF U REM:!
P0.0670 1 0.4 ! 0.0 ¢ ! 10.!
!DEF PASSED!  IDEF PASSED:  IDEF PASSED: INTBF: !
! 1.0 0.1 ¢ 3 900,
: P bl b ;
v v v

EXPECTED ! ! EIPECTED ! i EXPECTED !

FALLOUT: ! @ FALLONT: © : FALLOUT: !

] ] ]

PRT WKN TOT! ! PRT UKN TOT! : PRT UKM TOT!

o' ‘l .: 2- 7. .: o. °. .:

UPPR BND FOR:
08S FALLOUT::

0. 3. 3.

LOUR BND FOR:
0BS FALLOUT:!

0. 0.

-t e Sw e S e S S0 Te TG e G» Tea A6 Sv aw =

o-:

UPPR BND FOR!
0BS FALLOUT:!

5. 11, 14,28
LOUR BND FOR!
0BS FALLOUT::

0.

3. ‘I

e Se wm e e S Aw mm e Sm ae e 4 S e Se e

UPPR BND FOR:
0BS FALLOUT:!

o me oo

LOUR BND FOR!
0BS FALLOUT: '
0.

°. o.

. e Bma S0 Ae BE *n Sn 6 e aw 6 e S0 e s o

e e o=

INCREASE MUMBER OF CYCLES ON LEVEL 1 TO

44.00




4.3.1.2 Planning a Stress Screen Program to Achieve a Certain MIBF,
with Pre-established Screens. In this example the user is
constrained to apply a pre-established screen (perhaps re-
quired by contract) at the Unit level. The SSM determines
the minimum number of thermal cycles necessary to achieve
the desired MTBF. .

sasxexex SELECTION OF PROGRAM INPUTS AND OPTIONS sxexeasx
IF THE NODEL DEFAULT IS DESIRED, ENTER ZERO:

OPTION A FINDS OPTINAL TEST SEQUENCE TO ACHEIVE A GIVEN PRUDUCT
RELIABILITY REQUIREMENT

OPTION B OPTINIZES PRODUCT KZLIABILITY GIVEN 4 FIXED COST

GPTION C CONPUTES TEST STRENGTHS OF EXISTING SCREENS

DESIRED SERIES MTIF OF NEV SYSTEM (OPTION A ONLY,FOR OPTIONS B OR (
ENTER ZERD)

?

900

TOTAL PART POPULATION(NO DEFAULT AVAILABLE)
?

5000
FAILURE RATES OF 800D PARTS; 600D CONMECTIONS:

00
PART QUALITY DEFECTS AS A FRACTION OF TOTAL PARTS=
?

0
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ooty

IF TOU WISH ABOTHER EQUIVALENCY ENTER ONE, IF NOT, ENTER ZERO:
?

1

FOLLOWING ARE THE SCREEN EQUATIONS AVAILABLE:

1. CONSTANT TEMPERATURE

2. TERPERATURE CYCLING

3. RANDON VIBRATION

4. SINE SUEEP VIBRATION
S. SINE FIXED VIDRATION

ENIEI NUMBER FROM ABOVE LIST CORRESPONDING TO GIVEN SCREEN:

3

ENTER NUMBER FROM ADOVE LIST CORRESPONDING TO DESIRED SCREEN:
5

ENMTER PARANETERS FOR GIVEN SCREEN:

ENTER G LEVEL AND TIME IN MINUTES

z 7.3

ENTER PARABRETERS FOR DESIRED SCREEN;
ENTER ZERO FOR PARAMETER TO BE FOUND:

ENTER 6 LEVEL AND TIME IN MINUTES

?

0 40

TEST STRENSTH FOR GIVEN SCREEN= 0.4458

PARAMETER FOR DESIRED VIBRATION SCREEN= 3.8

IF YOU UISH ANOTHER EQUIVALENCY ENTER ONE, IF NOT, ENTER ZERO:
?

0
IF YOU HAVE TIMES TO FAILURE FOR LEVEL 1II ENTER 1,
IF NOT, ENTER ZERO:

]

0

READY

30




ETT

c*o*tatsLEVEL'z*ttc*tio

TEAPERATURE CYCLING, LEVEL 2

THE DEFAULT VALUES ARE:

LOVER TEMP=-54 DEG C

UPPER TENP=71 DEG C

TEMP. RATE OF CHANGE=3 DEG C/NIN

RANGE OF CYCLES TO BE INVESTISATEI=0 70 20

IF YOU WISH THE BDEFAULT VALUES ENTER ZERO, IF NOT, ENTER {3

?
1
ENTER, IN ORDER, SEPARATED BY COMMNAS OR SPACES:
UPPER TENP.,LOVER TEMP.,TEMP. RATE OF CHANGE, NO. OF CYCLES:
(TEMPERATURE RANGE MUST BE WITHIN -55 10 +75 DEG C
AND RATE OF CHANGE BETUEEN 1 AND 20 DEG C/KIN)
?
75 =40 5 24
ENTER THE FOLLOUING MAMUFACTURING PROCESS DATA, LEVEL 2
IF MODEL DEFAULTS ARE DESIRED FOR ANY ITEN, ENTER ZERO:
FIXED TEST COST IN DOLLARS=
?
10000
VARIABLE TEST COST IN DOLLARS PER HOUR=
?
0
AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT THIS LEVEL=
?
0
ASSEMBLY DEFECTS AT THIS LEVEL AS A FRACTION OF TOTAL PARTS=
?
.002
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#90802e#TEST AND PARAMETER SELECTION®#3s93es

FOLLOVING ARE THE AVAILADLE SCREENS 1

1. CONSTANT TENPERATURE
2. CYCLED TENPERATURE
3. RANDON VIBRATION

4. SINE SUEEP VIBRATION
3. SINE FIIED VIDRATION

DEFAULTS ARE:

LEVEL 1 LEVEL 2 LEVEL 3
TEXP. CYCLINS RAN.VIB CONST. TENP.
¥3) (3) (1)

IF YOU UISH DEFAULT SCREENS ENTER ZERO, IF NOT, ENTER f:

ENTER YOUR SCREEN SEQUENCE AS PRONPTED USING NUMBERS FROM ABOVE LISTING:
IF YOU DO NOT UISH TO SCREEN AT A PARTICULAR LEVEL, ENTER ZERO:

FOR LEVEL 1 THE SCREEN NUNBER DESIRED IS3

?
)

FOt LEVEL 2 THE SCREEN NUNBER DESIRED IS1

7
9

FO? LEVEL 3 THE SCREEN MUNBER DESIRED IS:

?
0
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TEST DESCRIPTION

PARAMETER VALUE

TEST SEQUENCE TYPE NO. 1 NO. 2 NO. 3 NO. 4 TOTAL COST(S$)

LEVEL Mg, 1
TEST W0. 1 0.0 0.0 0.0

" LEVEL NO. 2

TEST NO. 2 CYT  75.80 -40.00 5.00
LEVEL NO. 3 _
TEST NO. 1 0.0 0.0 0.0

- D P W T T D T A D e 4 WS D D D D R W e P D W W A b e P A W e AR W -

TOTAL COST

INSTANTANEOUS NTBF FOR REMAINING
FLAUS AT END OF SCREENING

WORKMANSHIP
: 3. 4, . . - 7.

0.0

6.600

R

f.
0.
12071,
12071,
ol
0.

: 1957. 1936, 19354. 1935, 1933,
H 1434. 1436, 1435, 1435, 14353,
: 1114, 11135, 1115, 1113, 1115,
: 912, 912. 912, - N2, M2,
! 71, 771, 771, . 771.
: 468. 668, 468, 448, 448,
: J90. 390. 590.  590. i8y.
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IF 10U UISH A TABLE OF INPUTS ENTER 1, IF #OT, ENTER ZERO:

’
1
PROSRAN DATA
TTTTTTWPARTS LEVELS  (PDEF X NPARTS)  CREQD  ATOF
5000 3 s. 0.0 100.

ASSEMBLY DATA

- - - - D - D D s S . A oN W A T D . D - - - - e

woasevesneeaees P T P P T PR Y TP T P Y E TR P T Y

1 0.
2 10.
3 0.
REWORK COST
LEVEL 1 ' a3,
LEVEL 2 300.
LEVEL 3 990.
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INTERVAL ATOF

TINE | MIBF

2000, ! 944,
4000, ! 176,
4000, | 1407,
8000. : 1037,
10000. ! 1044,
12000, | 1494,
14000. ! 1122,
16000, ! 1148,
18000. ! 1174,
20000. | 1199,

IF TOU HAVE FALLOYT DATA ENTER 1, IF NOT ENTER ZER#:

?

0

IF YOU UISH TO ANALYZE EQUIVALENT SCREENS ENTER ONE

IF NOT ENTER ZERO:

?

0

RE4DY
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IF YOU UISH A .99 PROBABILITY INTERVAL, ENTER IERO
IF YOU WISH TO ENTER A SMALLER PPOSABILITY (FOR A NARROUER INTERVAL)

ENTER ONE:

STRESS SCREENING FLOW DIAGRAN

! INCOMING ! ! LEVEL ? ! | LEVEL 2 ! { LEVEL 3 ! ! OUTGOINS @
{IPARTS: | 1ADEF= ! IADEF= i IADEF= i IDEF P REM::
: 5000: ! 0. 10.0 ¢ . ! 3.i
: LA 1= i==>! te=t !
{ODEFECTSs ¢ 1TS= i iT8= ! 11Ss= ! IDEF ¥ REMs!
: .0 0.0 : ! 0.415 0.0 é.1
: P . I . H
H i IDEF PASSED!  IDEF PASSED:  (JEF PASSED! IMTIF: !
: HE S.0 .0 i .0 912.:
! N oo ] HE H
v v !

RN CRBUMNERNME CNEMOBWRECPDP B Y EDD D DS W w

EXPECTED !
FALLO®T: !

! PRY UKM TOT!
o, 0. 0
: !
{UPPR BND FOR!
{0BS FALLOUT:!
i 0. 0. 0.0
! :

LOUR BND FOR!
0BS FALLOUT:!

NSO R R AN E R BRE BB EEECT A B ST an S e

EXPECTED !
FALLOUT: !

! PRT UKN TOT!
12, 4, 4.1
! :
1UPPR BND FOR!
10BS FALLOUT:!
!

E

7. 11, 14,

LOUR BND FOR!
0BS FALLOUTs!

0.

EXPECTED ¢
FALLOUT: ¢
PRT UKM TOT!
o. o. o‘ :

UPPR IND FOR!
018 FALLO¥T:!

0. 0.

H
LOUR BND FOR!
088 7FALLOUT:!

o' o'
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saewse041EST AND PARANETER SELECTIONs#sessss

FOLLOWING ARE THE AVAILABLE SCREENS :

e
2.
3.
4.
s.

CONSTANT TEMPERATURE
CYCLED TENPERATURE
RANDON VIBRATION
SINE SUEEP VIBRATION
SINE FIXED VIBRATION

DEFAULTS ARE:

LEVEL LEVEL 2
TEMP. CYCLING RAN.VIB
(2) 3

LEVEL 3
CONST. TEMP.
(1

IF YOU WISH DEFAULT SCREENS ENTER ZERO, IF NOT, ENTER 13
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4.3.1.3 Planning a Stress Screening Program to Achieve a Certain
MTBF, No Solution. In this example, the desired MTBF can-
not be achieved by stress screening alone. The SSM de-
termines that maximum strength screens will not precipi-
tate enough latent defects to achieve the desired MTBF.
Other measures are required, such as reducing the incoming
part fraction defective (by using higher quality grade
parts or performing incoming receiving screening) or by
reducing . the workmanship defects induced at one or more
stages. The SSM prints out the best possible solution
for the conditions given.

seessass SELECTION OF PROGRAN INPUTS AND OPTIINS ssessses
IF THE NODEL DEFAULT IS DESIRED, ENTER 2ER6:

OPTION A FINDS OPTINAL TEST SEQUENCE TO ACHEIVE A GIVEN PRODUCT
RELIABILITY REQUIRENENT

OPTION B OPTINIZES PRODUCT RELIABILITY GIVEN A FIXED COST
OPTION C CONPUTES TEST STRENGTHS OF EXISTING SCREENS

DESIRED SERIES NTIF OF NEU SYSTEM (OPTION & ONLY,FOR OPTIONS B OR ¢
ENTER ZERO)
?

1300

TOTAL PART POPULATION(NO DEFAULT AVAILABLE)
?
8000

FAILURE RATES OF 600D PARTS; 600D CONNECTIONS=

00

PART QUALITY DEFECTS AS A FRACTION OF TOTAL PARTS=
?

0
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s383888s EVEL 238988828

RANBON VIBRATION, LEVEL 2

THE DEFAULT VALUES ARE:

§-LEVEL=4 6 :

RARGE OF TINE TO DE IMVESTIGATED=0 TO 10 RIN.

IF YOU VISH THE DEFAULT VALUES ENTER IERO, IF NOT, ENTER 13

?
1
ENTER, 1IN ORDER, SEPARATED BY COMNAS OR SPACES:
6 LEVEL, TINE IN NIN:
(G LEVEL MUST BE BETUEEN .4 AND 7.3)
?
é 40
ENTER THE FOLLOWING MANUFACTURING PROCESS DATA, LEVEL 2
IF MODEL DEFAULTS ARE DESIRED FOR ANY ITEM, ENTER ZERO:
FIXED TEST COST IN DOLLARS=
?
0
VARIABLE TEST COST IN DOLLARS PER HOUR=
?
o :
AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT TNIS LEVEL=
?
ASSEMBLY BEFECTS AT THIS LEVEL AS A FRACTIIN OF TOTAL PARTS=
?
0
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e2888303 L EVEL 1sssssene

TENPERATURE CYCLING, LEVEL 1

THE DEFAULT VALUES ARE:

LOYER TENP=-34 DES C

UPPER TENP=?1 DEG C

TENP. RATE OF CHANBE=3 DEG C/WIN

RANGE OF CYCLES TO BE INVESTIGATEN=0 TO 2¢

IF YOU WISH THE DEFAULT VALUES ENTER ZERD, IF NOT, ENTER 1:

ENTER THE FOLLOUING MANUFACTURING PROCESS DATA, LEVEL 1
IF MODEL DEFAULTS ARE DESIRED FOR ANY ITEM, ENTER ZERO:
FIXED TEST COST IN DOLLARS=

VARIABLE TEST COST IN DOLLARS PER HOUR=

AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT THIS LEVEL=

ASSEMBLY DEFELTS AT TNIS LEVEL AS A FRACTION §F TOTAL PARTS=
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g w;;!

IF YOU UISH A TABLE OF INPUTS ENTER 1, IF NOT, ENTER ZERO:

PROGRAM DATA

D D D - - W D - D YR . - —--

NPARTS LEVELS  (PDEF X MPARTS) CREWD NTBF

ASSEMBLY DAT4

D D S P o D S D U T D D D A O P i O b P P G D A W S D @ D D S S

Gl P s
©
-

REVORK CaoST

LEVEL 1 43.
LEVEL 2 Joe.
LEVEL 3 7”94,

REQUIREMENT CANMOT BE MET
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%0982 EVEL Jsosensse

CONSTANT TENPERATURE, LEVEL 3

THE BEFAULT VALUES ARE:

TEMPERATURE=7¢ DES-C

TIRE RANGE TO BE INVESTIGATED=0 T8 48 HOURS

IF YOU WISH THE DEFAULT VALUES, ENTER IERO, IF NOT,ENTER 13

’
1
ENTER, IN ORDER, SEPARATED DY COMNAS OR SPACES:
TENP IN DEB C, TINE IN HRS:
({TEAP NUST BE LESS THAN +73 DEG C)
4
70 94
ENTER THE FOLLOVING MANUFACTURING PROCESS DATA, LEVEL 3
IF MODEL DEFAULTS ARE DESIRED FOR ANY ITEM, ENTER ZERO:
FIXED TEST COST IN DOLLARS=
?
0
VARIABLE TEST COST IN DOLLARS PER HOUR=
?
0
AVERASE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT TNIS LEVEL=
?
)
ASSENBLY DEFECTS AT TNIS LEVEL AS A FRACTION fF TOTAL PARTS=
?
0
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STRESS SCREENING FLOU DIAGRAM

! INCOMING LEVEL 1 ! ! LEVEL 2 ! { LEVEL 3 ! ! QUTGOING @
{ADEF= i IADEF= ! {ADEFs }  !DEF P REN:!
H 16,0 ! g.: ! 4! 1.4
- {==d! {==2 {==)! :
118= i iT8s P i18s ! IDEF U REM:!
H 0.4137 ! 0.683: ! ¢.3140 ! bo!
! i o L H
{DEF PASSED!  IDEF PASSED!  (DEF PASSED! INTDF: !
H .0 0 5.1 8 &1 1 1051.¢
] ' i [3 [4 [} [ ] :
v v v
-‘--.-------.: ----- H H
EXPECTED ! EXPECIED ! EXPECTED !
FALLOUT: ¢ FALLOUT: ! FALLOUT: !
PRT UKK TOT: ! PRT UKM TOT! ! PRT KN TOT!
4. 11, 15.4 2. 10. 12,8 0. 3. 3.1

UPPR BMD FOR!
0BS FALLOUT:!

UPPR BND FOR!
0BS FALLO®T:!

SPPR BAD FOR!
0BS FALLOUT:!

1. 21. 24,

LOUR BND FOR:

7. 20. 22.!

OUR BAD FOR:

L
0BS FALLOUT:{ 10BS FALLEUT:!

0' 9' 9.:

LOUR IND FOR!
O3S FALLOUT:!

0. 0. 0.1!

o
.

2. 3.

0. 2. 3.1
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TEST DESCRIPTION
PARARETER VALUE
NO. 2 NO. 3

TEST SEQUENCE TYPE NE. 1

80. 4 TOTAL COST($)

LEVEL #O. 1 1375.
TEST NO. 2 CYT 71.40 -54,00 3.00 20.00 1373,
LEVEL NO. 2 3557,
TEST NO0. 3 RVIZ 4.00 40.00 0.0 0.0 3537,
LEVEL NO. 3 3824,
TEST WO. 1 CT 70.00 94.00 0,0 0.0 5824,
T01AL COST s 102354,
INSTANTANEOUS NTBF FOR REMAINING
FLAUS AT EN) OF SCREENING
WORKMANSHIP
PARTS | 3. 4, 3. s, 7. 8. '.
0. ! 1223. 1223, 1223. 1223. 1223, 1222, 1222,
0. ! 1223. 1221, 1223. 1221. 1223. 1222. 1222,
0. ¢ 1223. 1223. 1221, 1223. 1223, 1222. 1222,
1. ! 1051, 1051, 1051, 1051, 1031. 1051. 1054,
2. 849. 869%. a4, 848, 148, 848. 8i8.
3.0 740, 740, 740, 740. 240, 240. 240,
L 845, 643, 845. 643, 4435, 845, o644,

IF YOU WISH A .99 PRODABILITY INTERVAL, ENTER 1ERO
IF YOU WISH TO ENTER A SMALLER PROBABILITY (FOR A NARROUER INTERVAL)

ENTER ONE:
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IF YOU HAVE FALLOYT DATA ENTER 1, IF NOT ENTER ZEROs
L4
]
IF YOU UISN TO ANALYZE EQUIVALENT SCREENS ENTER GNE
IF NOT ENTER ZERO:

?

1

FOLLOUING ARE TNE SCREEN EQUATIONS AVAILABLE:
1. CONSTANT TEMPERATURE

2. TEMPERATURE CYCLING

“3. RANDOM VIBRATION

4. SINE SUEEP VIBRATION
5. SINE FIXED VIBRATION

ENTER NUMBER FROM ABOVE LIST CORRESPONDING TO &IVER SCREEN:
?

1

ENTER NUMBER FROM ABOVE LIST CORRESPONDING TO DESIRED SCREEN:
?

2

ENIER PARAMETERS FOR SIVER SCREEN:

ENTER ABSOLUTE VALUE OF DIFFERENCE BETUEEN TEMP IN DEG C AND 23 DEG C

MD TINE IN HOURS
?

45 9

ENTER PARAMETERS FOR DESIRED SCREEN;
EITER ZERO FOR PARANETER TO BE FOUND:

ENIER RANGE IN DEG C

TiMP RATE OF CHANGE IN DEG C/MIN

AlD NYMBER OF CYCLES
7

100 3 0
TEST STRENSTH FOR GIVEN SCREEN= 0.3143

PAIANETER IN DESIRED TEMP CYCLING SCREEN= 8.0
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INTERVAL ATOF

Cmonevowcanemaen

2000. ! 1034,
4000. | 1437,
$008. : 1040,
8000. ! 1063,
10000. | 1045,
12000. | 1048.
14000. ¢ 1071,
16000. | 1073,
18000. ! 1076,
20000. ! 1078,
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4.3.2 Cost Option Example

In this example, the user desires a set of screens which
precipitate the maximum number of latent defects for a
fixed dollar amount of $40,000.

ssexenes SELECTION OF PROGRAN INPUTS AND OPTINS seessses
IF THE MODEL DEFAULT IS DESIRED, ENTER ZERO:

OPTION A4 FINDS OPTINAL TEST SEQUENCE TO ACHEIVE A SIVEN PRIDUC!
RELIABILITY REQUIRENENT

QPTION B OPTINIZES PRODUCT RELIABILITY GIVEN A FIXED COST

OPTION C CONPUTES TEST STRENGTHS OF EXISTING SCREENS

DESIRED SERIES NTDF OF NEU SYSTEM (OPTION 4 ONLY,FOR OPTIONS B OR €
ENTER ZERO)

COST BUDGET(OPTION B ONLY,FOR OPTION A OR C ENTER ZERO)
?

40000

TOTAL PART POPULATION(NO BEFAULT AVAILABLE)
?

7000

FAILURE RATES OF 600D PARTS; 600D CONNECTIONS=
?
00
PART QUALITY DEFECTS AS A FRACTION OF TOTAL PARTS2
?
0
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IF YOU UISK ANOTHER EQUIVALENCY ENTER ONE, IF NOT, ENTER ZEROs
?

1

FOLLOUING ARE THE SCREEN EQUATIONS AVAILABLE:
1. CONSTANT TEMPERATURE

2. TENPERATURE CYCLING

3. RANDON VIBRATION

4. SINE SUEEP VIBRATION

5. SIKE FIXED VIBRATION

ENTER NUMBER FROM ABOVE LIST CORRESPONDING TO SIVER SCREEN:
2

ENTIR NUMBER FROM ABOVE LIST CORRESPONDING TO DESIRED SCREEN:
2

ENTER PARAMETERS FOR GIVEN SCREEN:

ENIER RANGE IN JEG C

TIMP RATE OF CHANGE IN DEG C/NIN

AID NUMBER OF CYCLES
,

125 5 20

ENTER PARANETERS FOR BESIRED SCREEN;
EITER ZER® FOR PARAMETER TO BE FOUND:

ENTER RANGE IN 3E8 C

TEAP RATE OF CHANGE IN DEG C/NIN

AID NUMBER OF CYCLES
.

100 3 0
TEST STRENGTH FOR G6IVEN SCREEN= 0.6143

PARAMETER IN DESIRED TENP CYCLING SCREEN= 1.4
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s3ens s EVEL (80303032

TENPERATURE CYCLING, LEVEL 1

THE DEFAULT VALUES ARE:

LOBER TEMP=-54 DEG C

UPPER TEAP=71 DEG C

TERP. RATE OF CHANGE=3 DES C/NIN

RANGE OF CYCLES TO0 BE INVESTIGATEDN=0 TO 20

IF YOU WIS THE DEFAULT VALUES ENTER ZERG, IF NOT, ENTER 1:

0
ENTER THE FOLLOVING MAMUFACTURING PROCESS JATA, LEVEL 1
IF MODEL DEFAULTS ARE DESIRED FOR ANY ITEM, ENTER ZERO:
FIXED TEST COST IN DOLLARS=
7
10000
VARIABLE TEST COST IN DOLLARS PER HOUR=
?
40
AVERASE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT THIS LEVEL=
? .
0 .
ASSENBLY DEFECTS AT THIS LEVEL AS A FRACTION OF TOTAL PARTS=
?
0
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#8839998TEST AND PARANETER SELECTION#sssasen

FOLLOVING ARE THE AVAILABLE SCREENS 1

L
2.
3.
LI
3.

CONSTANT TEMPERATURE
CYCLED TENPERATURE
RANDOM VIDRATION
SINE SUEEP VIDRATION
SINE FIXED VIBRATION

DEFAULTS AREs

LEVEL 1 LEVEL 2
TENP. CYCLING RAN.VID
2) 3)

LEVEL 3
CONST. TENWP,
(1

IF YOU WISH DEFAULT SCREENS ENTER ZERO, IF NOT, ENTER 13
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8938883  EVEL Isesesess

CONSTANT TENPERATURE, LEVEL 3

THE DEFAULT VALUES ARE:

TENPERATURE=7¢0 DES C

TIRE RANGE TO BE INVESTIGATED=Q T 48 HOURS

IF YOU UISH THE DEFAULT VALUES, ENTER ZERO, IF NOT,ENTER 1:

0
ENTER THE FOLLOUING MANUFACTURING PROCESS DATA, LEVEL 3
IF MODEL DBEFAULTS ARE DESIRED FOR ANY ITEM, ENTER ZERO:
FIXED TEST COST IN DOLLARS=
?
10000 :
VARIABLE TEST COST IN DOLLARS PER HOUR=
?
50
AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT THIS LEVEL=
? .
1000
ASSEMBLY DEFECTS AT THIS LEVEL AS A FRACTION OF TOTAL PARTS=
?
0
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s882800sLEVEL 289ss200e

RANDON VIBRATIOM, LEVEL 2

THE DEFAULT VALYES ARE3

§-LEVEL=4 §

RARGE OF TIME TO DE INVESTIGATED=4 TO 10 MIN.

IF YOU VISN THE DEFAULT VALUES ENTER 1ERO, IF NOT, ENTER 1:

0
ENTER THE FOLLOUING MANUFACTURING PROCESS DATA, LEVEL 2
IF MODEL DEFAULTS ARE DESIRED FOR ANY ITEN, ENTER ZERO:
FIXED TEST COST IN DOLLARS=
?
10000
VARIABLE TEST COST IN DOLLARS PER HOUR=
?
50
AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT TRIS LEVEL=
?
500
ASSENBLY DEFECTS AT THIS LEVEL AS A FRACTION OF TOTAL PARTS=
?
0
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TE
TEST SEQUENCE

sT7

PARANETER VALUE

DESCRIPTION

TYPE NXO. ! NO. 2 NO. 3 NO. 4 TOTAL COST($)

LEVEL ®O. 1
TEST NO. 2 €YY 71.40 -34.00

LEVEL N0, 2
TEST #O. 3 RVIB 6.00 35.00

LEVEL NO. 3
70.04 41.00

TEST wo0. 1t CV

TOTAL COST

5.00 20.00

00

0.0
0.0

115219,
11529,
1309¢.
1309¢.
15341,
15341,

INSTANTANEOUS NTBF FOR REMAINING

FLAUS AT END OF SCREENING

e asomemowe

UORKMANSHIP
IARTS | S. (B 7. 8. ’. 10. 11.
0. ! 1397. 1397, 1397. 1397. 1397, 1394, 1394.
0. ¢ 1397. 1397, 1397, 1397, 13197, 13964, 1396,
0. ! 1317, 1317, 1317, 1317, 17, 1317, 1314,
L P 1043, 1043, 1043, 1042, 1042, 1042, 1042.
2. i 863. 863, 863. 843. 163. 843. 8é62.
3.0 736, 736, 734, 734, 136, 736. 734.
4. 442, 442, 441, 41, 441, 441, 41,

IF YOU WISH A .99 PRODABILITY INTERVAL, ENTER ZERS

IF YOU UISH TO ENTER A SMALLEX PROBABILITY (FOR A NARROUER INTERVAL)
ENTER ONE: '

ENTER PROBABILITY DESIRED:
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IF 10U WISH A TABLE OF INPUTS ENTER 1, IF 20T, ENTER ZEROs

NPARTS  LEVELS

PROGRAM DATA

CREQD NTBF

7000 3

7. 40000.0¢ 0.

ASSEEBLY DATA

ASSENBLY LEVEL

EXPECTED NUNBER OF ASSEABLY DEFELTS

@ A~

14.
7.
4,

RESORK COST

LEVEL 1
LEVEL 2
LEVEL 3

43.
S04,
1000,
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L e TN T T & fz‘nn‘

INTERVAL NTBF

TINE | NIDF
2000. | 1049,
4000. | 1034,
6000, ¢ 1062,
8000. ! 1049,
10000. ! 14875,
12000, ! 1081,
14000. | 1087,
16000. ! 1093.
18000. | 1098.
20000. ! 1104,

IF YOU HAVE FALLOUT DATA ENTER 1, IF NOT ENTER ZERO:
4
o .
IF TOU VISH TO ANALYZE EQUIVALENT SCREENS ENTER OIE
If NOY ENTER 2ERO:
?
0

IF YOU HAVE TINES TO FAILURE FOR LEVEL III ENTER 1,
IF NOT, ENTER ZERO:

’

0

REANY
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STRESS SCREENING FLOU DIAGRAN

! LEVEL 1

-t @ S wwan

¢ QUTEOING i

! LEVEL ]

¢ LEVEL 2

¢ INCONING @

{DEF P REN:

{4DEF»

{ADEF=

1.l

! IDEF § RENs!

118=
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o, e,

s8830382TEST AND PARANETER SELECTION#¢sessns

FOLLOUING ARE THE AVAILABLE SCREENS 3

1. CONSTANT TEMPERATURE
2. CYCLED TENPERATURE
J. RANDOM VIDRATION

4. SINE SUEEP VIIRATION
5. SINE FIXED VIDRATION

ENTER YOUR SCREEN SEQUENCE AS PRONPTED USING WUMBERS FROM ABOVE LISTING:
IF YOU PO NOT UISH TO SCREEN AT A PARTICULAR LEVEL, ENTER ZERO:

FOR LEVEL 1 THE SCREEN NUWBER DESIRED IS:

? .

1

FO? LEVEL 2 THE SCREEN NUNBER DESIRED IS:

?

2

FO! LEVEL 3 THE SCREEN MUKBER DESIRED ISs
?

4
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4,3.3 Tradeoff Option Examples

4.3.3.1 Evaluating an Existing Screen. The user has an existing
screen and wishes to have the SSM determine the cost and
test strength of that screen. After having evaluated an
existing screen, the MIRF Option should be exercised to
allow the SSM to determine an optimum screen to achieve
the same MTBF. Alternatively, the Cost Option may be
exercised to determine what MIBF is achievable for the
same cost as the existing screen.

sssssses SELECTION OF PREGRAN INPUTS AND OPTIUNS #ss#s32s
IF THE MODEL DEFAULT 1S DESIRED, ENTER ZERO:

OPTION A FINDS OPTIMAL TEST SEQUENCE TO ACNEIVE A GIVEN PRADUCT
RELIABILITY REQUIREMENT

SPTION B OPTINIZES PRODUCT RELIABILITY S8IVEN # FIXED COST
OPTIOR C CONPUTES TEST STRENGTHS OF EXISTING SCREENS

BESIRED SERIES MTOF OF MEW SYSTEM (OPTION A ONLY,FOR OPTIONS B OR ¢
ENTER IERD)

?

0

_ COST DUDGETIOPTION § ONLY,FUR OPTION & O C ENTER 26RO)
0

, TOTAL PART POPULATION(NO EFAULT AVAILABLE)

5000

, FAILURE RATES OF 400D PARTS; §00D CONNECTIWSs

00

, PRT QUALITY DEFECTS AS 4 FRACTION OF TOTAL PARTS=

0
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3388883 EVEL 27e38982s

TEMPERATURE CYCLING, LEVEL 2

ENTER, IN ORDER, SEPARATED BY COMNAS OR SPACES:

UPPER TEMP.,LOSER TEMP.,TENP. RATE OF CHANGE, 0. OF CYCLES:
(TEMPERATURE RANGE MUST DE UITHIN -35 TO +75 JE6 C

AND RATE OF CHAMGE BETUEEN 1 AND 20 DEG C/NIN)

?
70 ~40 10 12
ENTER THE FOLLOUING MANUFACTURING PROCESS DATA, LEVEL 2
IF MODEL DEFAULTS ARE DESIRED FOR ANY ITEM, ENTER ZEROs
FIXED TEST COST IN DOLLARS=
? .
0
VARIABLE TEST COST IN DOLLARS PER HOUR=
?
0
AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT THIS LEVEL=
?
0
ASSENBLY DEFECTS AT THIS LEVEL AS A FRACTION #F TOTAL PARTS=
?
0
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82038204 LEVEL 194883882

CONSTANT TENPERATURE, LEVEL 1

ENTER, IN ORDER, SEPARATED BY COMNAS OR SPACES:
TENP 1IN DES C, TIME IN HRSs

(TEMP MUST BE LESS THAN +735 DEG C)
?
70 94
ENTER THE FOLLOUING MANUFACTURING PROCESS DATA, LEVEL 1

IF NODEL DEFAULTS ARE DESIRED FOR ANY ITEM, ENTER IERO:
FIXED TEST COST IN BOLLARS=

?
0
VARIABLE TEST COST IN DOLLARS PER HOUR=
?
0
AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED 4T TRIS LEVEL=
?
0
ASSEMBLY DEFECTS AT THIS LEVEL AS A FRACTION OF TOTAL PARTS=
?
0
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PROSRAN DATA

- NPARTS  LEVELS  (PDEF X NPARTS) “CRESD - WOF
5000 3 5. NA "
ASSEMBLY BATA
""""" ASSEMBLY LEVEL  EXPECTED NUNBER OF ASSEABLY DEFECTS  —  ~~~~~==~"
1 10.
2 5.
3 3.
REWORK COST

LEVEL 1 45.
LEVEL 2 30¢.
LE¥EL 3 990.

TEST DESCRIPTION
PARAMETER VALUE

TEST SEQUENCE TYPE #0. ! NO. 2 NO. 3 WNO. & TOTAL COSI(S)

- D Y T e 2 P © " D W W TR @ D A R A B D Y O S A

LEVEL w0. 1

TEST NO. ' LT 720.00 94,00 0.0 0.4
LEVEL NO. 2

TEST NO. 2 (CYT 70.40 -40.00 14.00 12,00
LEVEL NO. 3

TEST NO. 4 SSVB é.40 20.00 0.0 0.0

" D " - D P - T e D G A W M D 4P S S A W W Ay W o D S Y e T R AR W L

TATAL COST $

-----

- - -
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s38800 03 EVEL Jossessss

SINE SVEEP VIDRATION, LEVEL 3

ENTER IN ORJER, SEPARATED BY CONMAS OR SPACES:
6-LEVEL, TIME IN MINs

{6 LEVEL BETUEEN ¢ AND 10)

?
4 20
ENTER THE FOLLOUING MANUFACTURING PROCESS DATA, LEVEL 1
IF MODEL DEFAULTS ARE DESIRF™ FOR ANY ITEM, ENTER ZERO:
FIIED TEST COST IN DOLLARS=
’
0
VARIABLE TEST COST IN DOLLARS PER HOUR=
?
0
AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT TNIS LEVEL=
?
0
ASSENBLY DEFECTS AT THIS LEVEL AS A FRACTION OF TOTAL PARTS=
7
0

IF YOU UISH A TABLE OF INPUTS ENTER 1, IF NOT, ENTER ZERO:
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{ INCOMING !

STRESS SCREENING FLOU DIAGRAN

! LEVEL 1 !

1 BPARTS s
: 3000

#DEFECTS:

! LEVEL 2 ¢

{ LEVEL 3 ! | WITGIING !

'ADEF= | IADEF= i IADEF= ! IDEF P REMi!
! 0.0 ¢ Sei Lo 1.
-3t t==>1 fe=>i t=e>1 !
1T5% I iTse PoiTse ! IDEF U REMs)
P03t ouel 1 030 o
: Pl bt b !
!DEF PASSED!  !DEF PASSED!  IDEF PASSED!  INIBFs !
: 100 ! 5.0t IR L1
1] 1] ' 1 1] 4 1 :
v v v

EXPECTED | ! EXPECTED ! ! EXPECTED !

FALLOVT: ! { FALLOUT: { ! FALLOUT: |

1 1 ]

PRT WK TOT! ! PRT WKN TOT! I PRT ¥KN TOT!

o 40 S o2, 9.1t 0. 3. 3

PPR BND FOR!
BS FALLOUT:!

3. 10, 12.

- oo o=

OUR BED FOR!:
BS FALLOUT:!

o~

13
4

UPPR BND FOR!

UPPR BND FOR!
0BS FALLOUT::! :0

!

H

!

1008 FALLOWTs!

] o ]
7.18, 21,1 ¢ 0, 9, 9.1
H H
{LOUR BND FOR!
[

005 FALLOWT:!

1
]

0. 0. 0.!¢

LOUR BNB FOR!
0BS FALLOUT:!
b
]

TINE | NRTBF
2000. ! 1344,
4000. ! 1373,
6000. 13582,
8000. ! 1591,
10000. ! 1599,
12000. | 1607,
14000. @ 1615,
14000. | 1423,
18000. ! 1430.
20000. ! 1437,




1ARTS ! 1.
0. ! 1957,
0. ¢ 1957.
0. ! 1957,
t. 1558,
2. ¢ 1187,
3. 959,
‘. : 'os-

INSTANTANEOUS NTDF FOR REMAINING

FLAYS AT END OF SCREENING

HORKHANSHIP
3.

1957,
19397,
19%7.
1335,
1184,

939.

8935.

‘. s. 6' ,l
1936, 1934, 1933, 1933,
19354, 1954, 195S. 1933,
1956, 1934, 1933, 1933,
1553, 1355. 1554, 1354,
1184. 1184, 1186, 1184,

939. 159. 959. 9359,
805. 803. B804, 804,

IF 10U WISH A .99 PROJADILITY INTERVAL, ENTER IERQ
IF YOU UISH TO ENTER A SMALLER PROBABILITY (FOR A NARROWER INTERVAL

ENTER ONE:
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IF TOU BISH ANOTHER EQUIVALENCY ENTER ONE, IF 0T, ENTER ZERO:
?

1

FOLLOUING ARE TNE SCREEN EQUATIONS AVAILABLE:

1. CONSTANT TENPERATURE
2. TENPERATURE CYCLING
3. RANDOM VIBRATION

4. SINE SUEEP VIBRATION
S. SINE FIXED VIBRATION

ENIER NUNBER FROM ABOVE LIST CORRESPONDING TO GIVEN SCREEN:

?
2

ENIER NUMBER FROM ABOVE LIST CORRESPONDING TO DESIRED SCREEN:
»

]

4

ENIER PARANETERS FOR GIVEN SCREEN:

ENTER RANGE IN DEG C
TIMP RATE OF CHANGE IN DEG C/MIN
AN} NUNBER OF CYCLES

»

110 10 12

ENTER PARAMETERS FOR DESIRED SCREEN;
EITER ZERO FOR PARAMETER TO JE FOUND:

ENTER RANGE IN BES C

TEMP RATE OF CHANGE IN DEG C/MIN

AID NUMBER OF CYCLES
»

100 5 0
TEST STRENGTH FOR GIVEN SCREEN= 0.4887

PARMMETER IN DESIRED TEMP CYCLING SCREEN=
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IF YOU HAVE FALLOUT DATA ENTER 1, IF HOT ENTER ZEROs
" ‘
0
IF YOU UISH TO ANALYZE EQUIVALENT SCREENS ENTER OIE
IF NOT ENTER ZERO:
?

1

FOLLOVUING ARE THE SCREEN EQUATIONS AVAILABLE:
1. CONSTANT TENPERATURE

2. TEMPERATURE CYCLING

3. RANDON VIBRATION

4. SINE SUEEP VIBRATION
5. SINE FIXED VIBRATION

ENIEI NUNBER FROM ABOVE LIST CORRESPONDING TO GIVEN SCREEN:

1

ENTER RUNBER FROM ABOVE LIST CORRESPONDING TO DESIRED SCREENS
:

ENTER PARANETERS FOR GIVEN SCREEN:

ENTER ABSOLUTE VALUE OF DIFFERENCE BETUEEN TEMP IN DEG C ARD 23 DEE C

AND TINE IN HOURS
?

AS 96

ENTER PARANETERS FOR DESIRED SCREEN;
ENTER ZERO FOR PARANETER TO DE FOUND:

ENTER RANGE IN DEB C

TEMP RATE OF CHANGE IN DEG C/MIN

AN) NUEBER OF CYCLES
7

100 5 0
TEST STRENGTH FOR GIVEN SCREEN= 0.3143

PARAMETER IN JESIRED TEMP CYCLING SCREEN= 3
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artm

?
0

IF YOU UISN ANOTHER EQUIVALENCY ENTER ONE, IF NOT, ENTER ZERO:
?

K]

FOLLOUING ARE THE SCREEM EQUATIONS AVAILABLE:
1. CONSTANT TENPERATURE

2. TENPERATURE CYCLING

3. RAIDON VIDRATION

4. SINE SUEEP VIBRATION

S. SINE FIXED VIBRATION

ENIER JUNBER FRON ABOVE LIST CORRESPONDING 1O GIVEN SCREEN:
4

ENIER MINBER FRON ABOVE LIST CORRESPONDING 10 DESIRED SCREEN:

3

ENTER PARANETERS FOR SIVEN SCREEN

ENTER § LEVEL AND TIWE IN NIMUTES

620

ENTER PARAMETERS FOR DESIRED SCREEN;
EITER ZERO FOR PARANETER TO BE FAUND:

ENTER G LEVEL AND TINE IN NINUTES

50

TEST STRENGTH FOR GIVEN SCREEN= 0.3814

PAIANETER FOR DESIRED VIBRATION SCREEN= 4.3

IF YOU WISH ANOTHER EQUIVALENCY ERTER ONE, IF NOT, ENTER ZERO:
? :

0

IF YOU HAVE TIMES TO FAILURE FOR LEVEL III ENIER 1,
IF NOT, ENTER ZERO:

READY
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IF YOU S1SH ANOTHER EQUIVALENCY ENTER ONE, IF NOT, ENTER ZERO:
4

1

FOLLOWING ARE THE SCREEN EQUATIONS AVAILADLES

1. CONSTANT TEMPERATURE

2. TEMPERATURE CYCLING

3. RANDOM VIBRATION

4. SINE SUEEP VIDRATION
5. SINE FIXED VIBRATION

ENIER RUNBER FROM ABOVE L1ST CORRESPONDING TO BIVEN SCREEN:
?

4

ENTER RUMIER FROM ABOVS LIST CORRESPONDING TO DESIRED SCREEN:
?

3

ENTER PARANETERS FOR GIVEN SCREEN

ENIER § LEVEL AND TIME IN NINUTES

6 20

ENTER PARAMETERS FOR DESIRED SCREEN;
ENTER ZERO FOR PARANETER 70 BE FOUND:

ENTER 6 LEVEL AND TINE IN NINUTES

o 15

TEST STRENGTH FOR GIVEN SCREEN= 0,3814

SOIUTION CANNOT BE FOUND BY INTERNAL NETHOD.
TRY A GRID OF POSSIBLE SOLUTIONS.
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5424303 TEST AND PARAMETER SELECTIONoss*ss3se

FOLLOUING ARE THE AVAILABLE SCREENS 13

1.
2.
3.
‘.
s.

CONSTANT TENPERATURE
CYCLED TENPERATURE
RANDOR VIDRATION
SINE SUEEP VIBRATION
SINE FIXED VIBRATION

ENTER YOUR SCREEN SEQUENCE AS PRONPTED USING NUMDERS FROM ABOVE LISTING:
IF YOU DO NOT UISH TO SCREEN AT A PARTICULAR LEVEL, ENTER ZERO:

FOR LEVEL 1 THE SCREEN NUMBER DESIRED IS

?

FOl LEVEL 2 THE SCREENX NUMBER DESIRED ISt

?
4

FOR LEVEL 3 TNE SCREEN NUNBER DESIRED IS
-

1
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4.3'3.2

Adapting Screens Based on Observed Results., In this

example, the user has actual screen data which falls outside
the bounds of the selected probability interval. Note on

the Stress Screening Flow Diagram at level 2 that the ex-
pected number of workmanship defects is 8, with an 80 percent
probability interval of 3 to 12. The actual number of work-
manship defects observed is 2 which is entered into the SSM.
A new screening strength is computed (0.158) based on observed
results and an increase in vibration time from 20 minutes to
60 minutes is recommended to achieve the desired screening
strength,

sssassex SELECTION OF PROGRAM INPUTS UND OPTIINS s3sxsssx
IF TME MODEL DEFAULT IS DESIRED, ENTER ZERO:

OPTION A FINDS OPTIMAL TEST SEQUENCE TO ACREIVE A GIVEN PRODUCT
RELIADILITY REQUIREMENT

OPTION B OPTINIZES PRODUCT RELIABILITY SIVEN 4 FIXED C8ST

OPTION C COMPUTES TEST STRENGTHS OF EXISTING SCREENS

DESIRED SERIES MTOIF OF NEU SYSTEM (OPTION A ONLY,FOR OPTICNS B OR ¢
ENTER 1EROD)

COST BUDGET(OPTION B ONLY,FOR OPTION A OR C ENIER ZERQ)

TOTAL PART POPULATION(NQ DEFAULT AVAILABLE)

FAILURE RATES OF 800D PARTS; 800D CONRECTIONS=

PART QUALITY DEFECTS AS A FRACTION OF TOTAL PIRTS:
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3482 s3LEVEL 224682282

SINE SUEEP VIDRATION, LEVEL 2
ENTER IN ORIER, SEPARATED BY CONMAS OR SPACES:
G-LEVEL, TINE IN NIN:
(G LEVEL BETUEEN § AND 10)
?
6 20

ENTER THE FOLLOVING MANUFACTURING PROCESS DATA, LEVEL 2
IF MODEL DEFAULTS ARE DESIRED FOR ANY ITEN, ENTER ZERO:

FIXED TEST COST IN BOLLARS=
?

20000

VARIABLE TEST COST IN DOLLARS PER HOUR=
?

30

AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT TNIS LEVEL=
?

ASSENBLY DEFECTS AT THIS LEVEL AS A FRACTION OF TOTAL PARTS=
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$883880¢LEVEL 199988000

TEBPERATURE CYCLING, LEVEL 1
ENTER, IN ORDER, SEPARATED BY COMNAS OR SPACES:
UPPER TEMP.,LOVER TENP.,TENP. RATE OF CHANGE, 0. OF CYCLES:
(TENPERATURE RANGE MUST BE WITRIN ~33 T0 +73 DJEG C
AND RATE OF CHANGE BETWEEM 1 AND 24 DES C/NIN)
?

70 -40 4 8
ENTER THE FOLLOVING MANUFACTURING PROCESS DATA, LEVEL 1
IF MODEL DEFAULTS ARE DESIRED FOR ANY ITEW, ENTER ZERO:
, FITED TEST 03T 10 DOLLARS:
10000
VARIADLE TEST COST IN DOLLARS PER HOUR=

&

AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT TAIS LEVEL=
?
50

ASSENBLY BEFECTS AT THIS LEVEL AS A FRACTION OF TOTAL PARTS=

(=2 ]
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PROSRAM DATA

Er Y Y T S Y L P P L L Tl L

TTTTMPARTS  LEVELS  (PDEF Y NPARTS)  CREQD ATBF

9600 3

!. NA A

ASSENBLY DATA

- - - Y ) = D D D T D D W W W T A -

ad N =

- - " - - D ™ - - - -

LEVEL 1
LEVEL 2
LEVEL 3

TE

TEST SEQUENCE TYPE

LEVEL WNO. 1
TEST NO. 2 CYT
LEVEL NO. 2 '
TEST NO. 4  SSVB
LEVEL NO. 3

TEST NO. 1 CT

D L L L LT T T P P

T01AL COST

‘8-
!.

REUORK COST

- @ - .- - - L L LT P 2

50,
504,
1000,

§T DESCRIPTION
PARARETER VALUE
Ne. 1 NO. 2 NO. 3 NO. 4 TOTAL COST(S)

- " D " TR = DD B B W P W n S wn e -

10962,
70.00 -40.00 4.80 8.00 10942,
24854.

4.00 20,00 0.0 0.0 24854,
37921,

75.08 48.00 0.0 0.0 37922,
135 s 73740,




s39883¢3 EVEL Jsassisee

CONSTANT TENPERATURE, LEVEL 3
ENTER, IN ORDER, SEPARATED BY COMNAC OR SPACES:
TENP IN DEG C, TIME IN HRS:

(TEMP MUST BE LESS THAN +75 DE6 C)
?

75 48
ENTER THE FOLLOVING NANUFACTURING PROCESS DATA, LEVEL 3
IF MODEL DEFAULTS ARE DESIRED FOR ANY ITEM, ENTER ZERO:

FIXED TEST COST IN DOLLARS=
?

30000

VARIABLE TEST COST IN DOLLARS PER HOUR=
? .

60
AVERAGE COST IN DALLARS FOR REPAIR OF DEFECT DETECTED AT THIS LEVEL=
L4

1000
ASSEMBLY DEFECTS AT THNIS LEVEL AS A FRACTION #F TOTAL PARTS=

IF YOU WISH A TABLE OF INPUTS ENTER 1, IF 30T, ENTER ZERO:
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STRESS SCREENING FLOW DIAGRAM

! INCONING : ! LEVEL 1 ! ! LEVEL 2 ! ! LEVEL 3 !
!WARTS: ! IADEF= | 1ADEF= I  IADEF= |
P 90008 18,0 ! 9.0 5.
: t==>1 fe=>1 te=>! 1e=>
{ODEFECTS: !  !TS= !oiTss S E :
: 9.0 1 0.394 1 0.8 ! 0.2%0!
13 ] ] ] ] * ] '
! t  IDEF PASSED!  !DEF PASSED: DEF PASSED!
: v 6.0 6.0 ! 15,
v v v

—-eeomemeswmoms imee _—- e e mwe -

EXPECTED

EXPECTED !
FALLOUT:

FALLOUT:

EXPECTED
FALLO¥T:

- .o ae mo ==

PRT ®KH TOT!
o. 50 5.‘.

PRT UKM TOT
2., 8.10.

PRT WkM TOT!
3. 8. 11

{UPPR BND FOR! UPPR BMD FOR! !UPPR IND FOR!
10BS FALLOUTs! 10BS FALLOUT:! [0BS FALLOUT::

6. 12. 14, 0. 9. 9.

9. 12, 15,0
LOUR BND FOR: ILOUR BND FOR!

{LOWR IND FOR
0BS FALLOUT :

0BS FALLOUT

0. 3. 6.

. te *o ca me v= Sw e
- e aw B we - c- -

P B B GGG’ I e S GBS PG s e A W
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INSTANTANEOUS NTDF FOR REMAINING
FLAUS AT END OF SCREENING

WORKMANSHIP
PARTS ! 10. 1, 12. 13. 14, 15. 146,
0. ! 1084, 1084. 1084. 1086, 1084. 1084, 1084.
1. ¢ 974, 974. 974, 973, 973. 973. 973.
2.} 81s. 81S. 815, 815, 815. 81S. 81s.
k J 701. 701, 701. 201, 701. 701, 701,
4, ! 415, 818, 615, 415, 415, 415, 615.
S, ! 547. 547, 547. s47, S47. 547. 547.
6. ! 493, 493, 493. 493, 193, 493. 493,

IF YOU WISH » .99 PRODADILITY INTERVAL, ENTER IERO
IF YOU VISH TO ENTER A SMALLER PROBABILITY (FOR A NARROUER INTERVAL)
ENTER ONE:

ENTER PROBADILITY DESIRED:
.8
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STRESS SCREENING RESULTS:

! INCOWING ¢ ! LEVEL 1 ! ! LEWEL 2 ! ! LEVEL 3 ! ! OVTGOING !
{#PARTS: | !ADEF= !  lADEF= ! lADEFs ! IDEF P REM1!
i 9000: ¢ 18.1 9.0 S.¢t 3
H {==>i 1==>! l==>! L] H
VEDEFECTS: § ITS= ! 118s it i18s ! IDEF U REM1!
: 9. 0.3941 ¢ 0.158: 1 ¢.230: ! 14,
! N N U ¢t H
i ! IDEF PASSED:  IDEF PASSED! DEF PASSED!  IMTBF: H
: N 16,1 1 2.0 9.0 | s21.1
: HE N . L !
T : - H H o
! : H
v v v
EXPECTED | EXPECTED ! EXPECTED !
FALLOWT: ! FALLOWT: | FALLOUT: ¢
PRT UKN TOT! | PRT UKM TOT! ! PRT UKM TOT!
3. 8. 114 0. 4. 4.}

1. &. 7.4

[}
UPPR IND FOR!
03S FaLLONT:!

UPPR BND FOR
8BS FALLOUT:

UPPR BID FOR
0BS FALLOUT:

6. 12. 14, 0. 8. 8. 3. 9. 11,

Lout IND FOR!
9BS FALLOUT:!

LOUR BND FOR
03S FALLOUT:

LOUR BED FOR
0BS FALLOUT:

2. 2.

-—
L]
—
3

0. 3. 0.

- e B e we e an .-
. Sw S8 Bm me - .- o=

INCREASE TINE ON LEVEL 2 TO 40,00 MINUTES

IF YOU WISN TO ANALYZE EQUIVALENT SCREENS ENTER ONE
IF NOT ENTER ZERO:

?

0

IF YOU HAVE TIMES TO FAILURE FOR LEVEL II] ENTER 1,
IF NOT, ENTER ZERO:
?
0
READY
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?
1

?
1

INTERVAL NTOF

L2

TINE ! ATHF
2000. ! 709,
4000. : 717,
4000. ! 723,
8000. ! 733.
10000, ! 740,
12000, ¢ 748,
14000. ! 7355,
14000. | 742,
18000. ! 749,
20000. ! 776,

IF YOU HAVE FALLOUT DATA ENTER 1, IF NOT ENTER ZERS:

IF TOU HAVE SEPARATE FALLOUT FOR PARTS AND UOREMANSHIP ENTER ONE
IF YOU HAVE TOTAL FALLOUT ONLY AT EACH LEVEL, ENTER ZEROs

ENTER, IN ORDER, ACTUAL FALLOVYT:

JUE T (A) PARTS  (B) UORKNANSHIP, AS PROIPTED:
FOR LEVEL 14

FOR LEVEL 23

FOR LEVEL 3:

138



g R U!:'fi!-.‘r;-:qmq

AR

#3503 ¢8TEST AND PARANETER SELECTION#s#*ss33s

FOLLOVING ARE THE AVAILABLE SCREENS :

1. CONSTANT TENPERATURE
2. CYCLED TEMPERATURE
3. RANDOM VIBRATION

4. SINE SUEEP VIBRATION
3. SINE FIXED VIBRATION

DEFAULTS ARE:

LEVEL 1 LEVEL 2 LEVEL 3
TEWP. CYCLING RAN.VIB CONST. TENP.
(2) (3 (1)

IF YOU WISH DEFAULT SCREENS ENTER ZERO, IF NOT, ENTER 1
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4.3.4

eX SSM

Example Using the CDE Model to Evaluate Screening Results.

In this example, three levels of screens are used, based on
model defaults. The stress screening flow diagram shows
an expected fallout of 13 defects at Level 3. The user
actually experienced 16 defects and also had times-to-fail-
ure for each defect. In this example, the times-to-failure
are entered into the SSM and the CDE model is fit to the
failure distribution, resulting in estimates for the number
of defects entering the Level 3 screen and the screening
strength at that level. In this example, the estimated
number of defects is unchanged, (33), but the screening
strength estimate is revised upward to 0.521 from 0.382.

seaxoers SELECTION OF PROGRAN INPUTS AND OPTIONS #xexsrsx

IF THE MODEL JEFAULT IS DESIRED, ENTER ZERCs

OPTION A FINDS OPTIMAL TEST SEQUENCE TO ACHEIVE A GIVEN PRODUCT
RELIABILITY REQUIREMENT

OPTION B OPTINIZES PRODUCT RELIABILITY SIVEN & FIXED COST

OPTION C COMPUTES TEST STRENGTHS OF EXISTING SCREENS

DESIRED SERIES MTBF OF NEY SYSTEM (OPTION 4 ONLY,FOR OPTIONS B OR C
ENTER ZERD)

?

£00

T0TAL PART POPULATION(NO DEFAULT AVAILABLE)

?

20000

FAILURE RATES OF 600D PARTS; 600D CONNECTIONS:

v
00

PART QUALITY DEFECTS AS A FRACTION OF TOTAL PARTS=

?
0
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PIEY

SRSPEEERLEVEL 234084

RAADON VIIRATION, LEVEL 2

THE DEFAULT VALUES ARE:

6-LEVEL=4 @ :

RANGE OF TINE TO BE INVESTIGATED=¢ TO 10 NIN.

IF YOU WISH THE DEFAULT VALUES ENTER 1ERC, IF NOT, ENTER 1:

?
0
ENTER THE FOLLOVING MANUFACTURING PROCESS DATA, LEVEL 2
IF MODEL DEFAULTS ARE DESIRED FOR ANY ITEM, ENTER ZERO:
FIXED TEST COST IN DOLLARS=
?
30000
VARIABLE TEST COST IN DOLLARS PER HOUR=
?
0
AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT JETELTED AT THIS LEVEL=
?
0
ASSEMILY DEFECTS AT THIS LEVEL AS A FRACTION OF TOTAL PARTS=
?
0
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ss8383¢sLEFEL 18899308

TENPERATURE CYCLING, LEVEL !

THE DEFAULT VALUES ARE:

LOUER TENP=-54 DES C

UPPER TEMP=71 DEG C

TENP, RATE OF CHANGE=3 DEG C/HNIN

RANGE OF CYCLES TO BE INVESTIGATED=0 TO 20

IF YOU UISH THE BEFAULT VALUES ENTER 1ERC, IF NOT, ENTER It

0
ENTER THE FOLLOUING MANUFACTURING PROCESS DATA, LEVEL 1
IF MOJEL DEFAULTS ARE DESIRED FOR ANY ITEM, ENTER ZERO:
F1XED TEST COST IR DOLLARS=
?
20000
VARIABLE TEST COST IN DOLLARS PER HOUR=
?
0
AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT DETECTED AT TNIS LEVEL=
?
0
ASSENBLY DEFELTS AT THIS LEVEL A5 A FRACTION 0F TQTAL PARTS=
»
0
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PROSRAN DATA

WPARTS ~LEVELS  (PDEF X WPARTS)  CREAD HIBF
20000 3 20, 0.0 400,

ASSEMBLY DATA

D D - - D D > > " P D D D D M D D D D R R D Uy W D D P D W D W

[#

40.
20.
10.

REUORK COST

- - - > > n D A " P T A D D B W D AP A R D D R D D P AR A D P Y P N P R A U -

LEVEL
LEVEL
LEVEL

b M)~

REDUIRERENT CANNOT BE HET
MTBf POSSIBLE:= 442.9
MTIF REQUIRED= $00.9

45.
300,
990.
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$2038203LEVEL Jsenessse

CONSTANT TEMPERATURE, LEVEL 3

THE DEFAULT VALUES ARE:

TEAPERATURE=70 DES C

TINE RANGE TO BE INVESTIGATED=Q T0 48 HOURS

IF YOU VISH THE DEFAULT VALUEE, ENTER ZERO, IF NOT,ENTER 13

ENTER, 1N ORDER, SEPARATED BY COMNAS @R SPACES:
TEMP IN DES C, TIME IN HRS:

{TEMP AUST BE LESS THAN +75 DES C)
2

70 140

ENTER THE FOLLOVING MANUFACTURING PROCESS DATA, LEVEL 3
IF . MODEL DEFAULTS ARE DESIRED FOR ANY ITEN, ENTER ZERO:
FIXED TEST COST IN DOLLARS=

0
VARIABLE TEST COST IN DOLLARS PER HOUR=
v
AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT BETECTED AT TRIS LEVEL=
?
0
ASSEMBLY DEFECTS AT THIS LEVEL AS A FRACTION #F TOTAL PARTS=
?
?
0

IF YOU UISH A TABLE OF INPUTS ENTER 1, IF 0T, ENTER ZERO:
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R R

?
0

INSTANTANEOUS NTBF FOR REMAINING
' FLAUS AT END OF SCREENING

WORKMANSHIP
PARTS | 15. 14, 17. 18. 19. 20. 21,
9. 48¢. 489. 189, 489. 489. 489. 499,
0. ! 489. 489, 489, 489. 489. 489. 489,
1. ¢ 444, 445, 443, 445, 443, 445, 4435.
2. 409. 409. 409, 409. 409. 409, 449.
K PO 378. 378. 378. 378. 378. 378. 378.
4. 352. 352, 352, 332. 352, 352. 332,
3. ¢ 328. 328. 328, 328, 328, 3a28. 328.

IF YOU WISH A .99 PRODABILITY INTERVAL, ENTER IERO
If YOU WISH TO ENTER 4 SMALLER PROBABILITY (FOR A NARROWER INTERVAL)
ENTER ONE:
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PR

TEST DESCRIPTION
PARAMETER VALUE
TEST SEQUENCE TYPE NO. 1 NO. 2 NG. 3 #0. 4 TOTAL COST(S)

LEVEL NO. 1 22371,
TEST NO. 2 CYT 721.00 -34.00 5.00 20.00 22371,
LEVEL NO. 2 36011,
TEST NO. 3 RVIB 6.00 7.50 0.0 0.0 34031,
LEVEL wMO. 3 17283.
TEST NO. 1 (T 70.00 160.0¢ 0.0 0.0 17283.
TOTAL COST ' 734484,

cowenswamaws

EX LT e e P
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- - -

RDEFECTS:

: :
: 20.:
: '

STRESS SCREENING FLOU DIAGRAN

L L R

sommommanowe

PUEVEL 1 1 i LEVEL 2 ¢ 1 LEVEL 3
'ADEF= 1 IADEF= [ IADEF= !
! 0.0 ! 0.0 1.
! t==>1 t==>i t-->
{152 tooiTse S !
P 08150 1 0.488! 1 0382
{DEF PASSED!  (DEF PASSED!  IDEF PASSED!
! 230 3.0 20.:

v v L
EXPECTED ! ! EXPECTED ! ! EXPECTED !
FALLOUT: ! ! FALLOUT: ! ! FALLOUT: !

PRT WKM TOT! ! PRT WKW TOT! i PRT UKN TOT!
12, 25, 37,0 0 301702000 0 1. 120 130

1UPPR BND FOR!
{0BS FALLOUT::
i 23. 40. 35.1
tLOUR BND FOR:
10BS FALLOUT::

3. 12. 2144

PPR BN) FOR!
BS FALLOUT:!

[~ —

9. 30. 33.!

- aw e *e B me e e c- o == = ae

iLOUR BND FOR!:
0BS FALLOUT:!

-n wm aw ==

0. 6. 9.

UPPR BND FOR!
0BS FALLOWT:!

5. 22. 4.

LOUR BND FOR!
0BS FALLOUT:!

o- 3' ‘I:

AN M AN G ARG BAT GOSN T TN B B DD -
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DEF P REM:1!
3.8
DEF U REM:!

+
L]
H
L}
.
L]
1
L}
[) 1]
+ ‘8..
)
1
1
L]
[3
‘
*
L]
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77
84
94
107
118
129
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IF YOU HAVE FALLOUT NUNBERS ENTER 1, IF NQT, ENTER ZERO:

IF YOU UISH TO ANALYZE EQUIVALENT SCREENS ENTER ONE
IF NOT, ENTER ZERO:

IF YOU HAVE TIMES TO FAILURE FOR LEVEL III ENTER 1,
IF NOT, ENTER ZERO:

ENTER NUMBER OF FAILURES DURING FINAL SCREEN:

ENTER FAILURE TIMES (NOURS), IN ORDER, AS PRONPTED:

THE FAILURE TIAES INDICATE THAT THE ESTIMATED NUMBER
OF DEFECTIVES ENTERING THE SCREEN IS 13.
AND THE ESTIMATED SCREENING STRENGTH 1S ¢.521.

READY
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The values shown in Table A.2 were obtained.

Table A.2 Screening Strength Constants for Data Taken from

Raw Data.
Constan£
G Level B C D
1 6.006 .500 .201
2 4.004 .500 .401
3 3.003 .770 .401
4 2.279 .268 .720
5 ' 4,004 .500 .801
6 2.697 .551 .751

A.1.3 Single Model Based on Averaged Table Data. Since C = ,500
occurred Irequently, SAS NLIN programs were run with C fixed at
.500. The resulting B and D values were nearly linear as
functions of g. The lines

B=- .375 g + 5.047
D= .0863g+ .273

were fitted by use of SAS.

A.1.4 First .lodel Based on Weighted Averages of Table Data. In
the Grumman tests there were 19 detectable type I faults and 12
detectable type II faults. It was therefore decided to weight
the averages of the individual percents of detected faults by
using factors of 19/31 and 12/31, respectively.

Since the graph of time versus screening strength for S g
vibration level was somewhat different in shape than the graphs
for other g levels and since 1lg and 2g are relatively low, the
values were found for 3, 4, and 6 g.
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_ APPENDIX A
DEVELOPMENT OF SCREENING STRENGTH EQUATIONS

A.l Screening Strength Model for Random Vibration. Below are
the steps used to obtain a single model for the screening stren-
gth of random vibration tests. Report ADR 14-04-73.2 by the
Grumman Aerospace Corporation (Grumman Report, Ref. 8) supplied
the raw data for the model.

A.1.1 Models Fitted to Data Taken from Graphs in Grumman Report.
First, approximately filteen ordered pairs (t, SS5) were read for
each of the 4 and 6 g vibration levels from the graphs. Type 1
and type II faults were averaged within each g level. The two
resultant curves were analyzed and a model of the form

SS =D (1 - exp (-tC/B)).
B, C, D constants

was chosen for further analysis. The SAS NLIN program was used
to find the best values of B, C, and D. The following constants
were obtained and very good fit was exhibited.

Table A.1. Screening Strength Constants for Data Taken from

Graphs.
G-Level
4g 6g
Constant
B 6.557 5.302
C .935 .806
D .496 .728

A.1.2 Models Fitted to Data Taken from Tables and Averaged.
Since the Grumman report did not indicate how the screening
strength curves were obtained from the raw data it was decided

tec fit a model to the data from Tables 6 and 7. Due to random-
ness, some of this data was not increasing with g. Wherever this
occurred, an average failure value was used for both g levels.
Also, the average values 2.5, 7.5, 17.5, and 42.5 were taken for
t, time.

Again, SAS NLIN was used for fitting
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was monotone increasing with g.

A.1.5 Final Model Based on Weighted Averages of Table Data. Due
to experience with the nonweighted averages, C was fixed at .500
and SAS NLIN was used to find the best corresponding values of B
and D for 3, 4, and 6 g. As before, these values were nearly
linear as functions of g. The lines

B = .266 g + 1.402
D= .144 g - .0862

were fitted using SAS.

Table A.5 Comparison of Single Model with Weighted Average
Table Data.

g Time, In Minutes

level

2.5 7.5 17.5 42.5

3 #1., .177 .246 .294 .328

#2. .210 .226 .278 .355

4 #1. .232 .328 .400 .455

#2. .258 .307 .387 L452

6 #1., .319 .466 .585% .689

#2. .307 .452 .613 .677

#1. Model value.
#2. Weighted average of table data.

A.2 Screening Strength Model for Swept Sine Vibration. Data was
obtained from tables 3 and 4 of the Grumman Report. Since there
were 19 detectable type I faults and 20 detectable type II faults,
a weighted average was used for screening strength at each value
of g and t. Average times were also taken. This averaged table
data follows in Table A.7 where it is compared to screening
strength values from the models for individual g levels and the
single model which has parameters time (t) and g levels.

The values for constants for B, C, and D were computed
with SAS NLIN when SS was fitted to the table data for swept
sine. They were used for computation of the individual model
data in Table A.7 Constant values are shown in Table A.S8.
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Table A.3. Comparison of Single Model with Table Data.
4 Time, in minutes
level

2.5 7.5 17.5 42.5

1 #1: .,103 .159 .213 .270

#2: .042 .042 .084 .167

2 #1: .137 .210 277 .348

#2:  .167 .250 .250 .292

3 #1: .177 .267 .349 .431

#2: .271 .292 . 355 .428

4 #1: 222 .333 .428 .520

#2: .311 .375 .445 .501

5 #1: 277 .407 .516 .614

#2: .311 .375 .465 627

6 #1: .342 .494 .614 .714

#2: ,350 .493 .638 .706

Followin
table data.

g are comparisons of this model with the averaged

-

#1: SS =D (1 - exp (-t%/B))
#2: averaged table data.

Table A.4. Screening Strength Constants for Data from Tables
Using Weighted Average.
Constant
g level B c D
3 3.003 .500 .401
4 2.536 240 .711
6 3.244 €21 .712

SS =D (1 - exp (-t%/B))
Parabolas were fitted through the B and C values as

functions of g level. A half parabola was estimated through
the D values. This approach did not yield an SS model which
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Table A.7 Comparison of Table Data with Single and
Individual Models.

Time, in minutes
g

level 2.5 7.5 17.5 42.5
Table .0 077 .180 .231

1.5 Single Model .051 ,102 .151 .190
Individual Model .057 113 .167 .208

Table .077 .128 . 205 .256

3.0 Single Model ,075 .150 .222 .280
Individual Model .,068 .136 ,203 .256

Table .103 .205 .359 .538

5.0 Single Model .107 213 .317 .398
Individual Model .178 .356 .530 .668

Table .154 .385 .564 .692

10.0 Single Model .185 .370 .551 .695
Individual Model .186 .372 .554 .698

Single Model:
SS =D (1 - exp (-tC/B)
C = .800
B(g) = .0176 g + 7.097
D(g) = .0635 g + .1065%

""Compute.fort'" was run to compare the resulting single
model to individual model and table data. See Table A.7.
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Table A.6 Comparisons of Single Model with Models Fitted for
Individual g Levels.

g Time, In Minutes
level 10 15 20 30 40 50
f1:
.261 .291 .311 .336 .352 .363
5 #2:
.264 .286 .301 .317 .322 .332
#1:
.353 L307 . 395 .420 .438 .452
4 12:

.354 .38 .410 .437 .445 .462

#1:
.516 .576 .614 .656 ,678 .691
6 #2:

.507 .564 .603 .652 .670 .704

#1: Models fitted for each g level.
#2: Single model:

Note that the values on the charts correspond closely and
that the single model exhibits other desired properties. SS is
monotone increasing in t and 0<D<1l, t>o, C>0, B>0.

But 0<D<1 for .6<g<7.5. (.5986..<g<7.543...) and
B>0 for g>0.

The final screening strength model is,

SS =D (1 - exp (t*°/B)), t>0
B = .266 g + 1.402, 0.6<g<7.5
D = .144 g - .0862

Due to experience with other SS functions, C was fixed at
.8 and SAS NLIN was run again. See Table A.9

It appeared that the 5 g constants were aberrant so lines

were fitted to the remaining values of B and D as functions of g.
These were

B(g) = .0176 g + 7.097
D(g) = .0635 g + .1065
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A.3 Screening Strength Model for Sine Fixed Frequency
Vibration. Raw data was obtained from lTable 5 and Figure 9

of the Grumman Report. In the case where table data exhibited
non-monotonicity (reversals) in g, the average was taken and
used for both values. There were 19 detectable type I faults
and 20 detectable type II faults so a weighted average was used.
Average times were also taken. This averaged table data follows
in Table A.10 where it is compared to screening strength values
from the single model for various g levels and the models for
individual g levels. -

Table A.10 Comparison of Table Data, Single Model, and
Individual Models for Sine Fixed Frequency.

Time, Minutes
g

level 2.5 7.5 17.5 42.5

1.5 Table .0 .0 .0 .0
Single Model .054 .066 .077 .090
Table .0 .051 .103 .103
3.0 Single Model .068 .084 .097 113
Individual Model ] .051 .063 .073 .086
Table .128 .154 .154 .154
5.0 Single Model .091 111 .129 .150
Individual Model |.109 .133 .154 .179
Table .154 .205 .231 .231
5.6 Single Model 112 .136 .157 .183
Individual Model }.156 .187 .215 .247
Table .154 .179 .256 .282
10.0 Single Model .180 .217 .250 .288
Individual Model }.171 .207 .240 .276
Table .230 .230 .286 : .336
12.0 Single Model .240 .288 .329 .376
Individual Model }.2C8 .250 .287 .329

Single Model:

SS =D (1 - exp (-t°/B)
B = - .4187g + 8.620
D = .04354g + .3235 C = .200
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Table A.8 Values for Constants for Individual Models
at Four g-Levels.
Level B c D
1.5 7.007 d .800 .221
3.0 8.809 .600 .401
5.0 14.242 .789 .727
10.0 9.064 .954 .703
Table A.9 Constants for B and D with Fixed at .800:
g B D
1.5 7.007 221
3.0 7.2917 .2734
5.0 14,253 .7127
10.0 7.248 .745

The single model
SS = D (1 - exp(-t/B)
C = .800
B = .0176 g + 7.097
D = .0635 g + .1065
was selected for 0<t<60.0 and 0 <g<12.0.
SS is monotone increasing in t for positive B, C, and D.

C is always positive. B and D are positive for positive g.
Also, 0<D<1 for g<12.0.
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Lines were fitted through B and D as functions of g. They are:
' B = .4187g _ 8.620

D - .04354g + ,3235
The single model for sine fixed frequency,

SS - D (1 - exp (-tS/B)

C = .,200

B = ,419g + 8.620

D = ,0435g + .324

t>0 and 0<g<15.5 was selected. SS is monotone

increasing in t for positive B, C, and D. C is always positive.
D is positive for positive g. B is positixe for 0 g 15.5. B
is monotone decreasing in g so 1 - exp (-t“/B) is monotone
increasing in g. Thus, with D also increasing in g, SS is
increasing in g. Also, 0<D<1 for 0<g<15.5.

A.4 Screening Strength Models for Temperature S3creens.

Following is a description of the method used to obtain the
screening strength equations for temperature screens. The
temperature equation is an adaptation of it.
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Temparature Cycles
Figure A-1. Cycles as a Function of Equipment Complexity (Ref NAVMAT P-9492)
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The values for constants for B, C, and D were computed
by SAS NLIN when SS was fitted to the table data. The values
are shown in Table A.11. They were used for the computation
of the individual model data on Table A.10.

Table A.11. Values for Constants for Individual Models at
Five g-Levels,

1e§e1 B c D
3.0 7.007 .440 .201
5.0 6.006 .200 .601
6.5 4.004 .200 .601

10.0 5.005 .200 .801

12.0 4.004 .200 .801

Since C = ,200 occurred frequently, C was fixed at .200
and the program run again on the 3g data. Fixing C at .200
yielded the constants
B = 8.800 and D = ,401

for the 3g individual model. Thus for C = ,200 the constants
are:

Table A.12. Values for B and D with C Fixed at 0.200.

g B D
3.0 8.800 .401
5.0 6.006 .601
6.5 4,004 ©.601

10.0 5.005 .801
12,0 4,004 .801
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C/minute. or less and temperature extremes within -55 deg. C to
+ 75 deg. C.

Only slight modifications are necessary to adapt the SS
equation for temperature cycling to constant temperature. For
constant temperature DT becomes 1.0 and Ncy = 0.0. Replacing

Ncy is T = (time in hours) also to the 0.5 power. The range
is computed from 25 deg. C.

The revised model gives reasonable solutions for its
wide range of valid input parameters, exhibits consistency
for constant temperature and temperature cycling, and is of
the same general form as previously accepted test strength
equations without exhibiting their inconsistencies. Figures 1.5

and 1.6 show the screening strengths for the temperature
equations.
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For the ipnitial analysis, data was obtained from the
temperature cycling curves of NAVMAT P-9492, shown above as
Figure A.1. Comparisons of areas under the curves, reductions
of failure rates, and other forms of analysis were used to obtain
data points. The widely used 5 deg. C/minute rate of temperature
change and 100 deg. C temperature range were assumed.

An exponential function was fit to the data. However,
examination of a grid of screening strength values computed using
this equation for typical ranges of the input parameters indicat-
ed that the computed screening strengths were higher than gen-
erally accepted test strengths.

Following extensive analysis, a set of subjective, but
widely acceptable, screening strength values was fixed for
10 deg. C to 110 deg. C, rarge from 2 to 18 deg. C/minute
temperature rate of change, and 5, 10, and 20 cycles. Curves
were sketched through the set of points and additional data
points were read from the graph. An equation which closely fit
these data points and exhibits other desired properties fcllows:

SS =D (1.0 - exp (-0.0023 x (Ln(e + DT))2'7chy'5xR'6)) (A-1)
D =0.85

DT = temperature rate of change (deg. C/min)

1<DT< 20 (see below)

Ncy = number of repeated cycles

R = temperature range (deg. C)= high temperature - low
temperature

high temperature < 75 deg. C; low temperature > -55 deg. C
SS = screening strength

Examination of a grid of screening test strength points
computed using the above equation revealed reasonable values for
reasonable values of the input parameters.

Since extremely low rates of change do not yield real
temperature cycling stress, the equation is not to be used for
DT less than 1 deg. C/min. If low rates of change for screening
strength should be computed use the modifications for constant
temperature given below.

Also, the data considered did not include extremely high

rates of change or extremely large ranges. Therefore, the
equation is only proposed for rates of change of 20 deg.
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If it is desired to make infereaces on one or the other
of SS or p this can be done as shown in the following example:

Example Suppose that the planned values of p, S3 are respec-
tively, 0.005, 0.70 and that N = 10,000 "parts”.
After an assembly level temperature cycling screen
X = 17 dropouts are observed.

The planned mean number of drop-outs = ¥p = 10,000
(0.005) (0.70) = 35 and the lower and upper bounds
from the adaptive routines are (20, 51) and since
17 does not lie between 20 and 51 (inclusive) the
screen has not behaved as planned. Assuming the
planned p = 0.005 is about correct =W, 0bs. drop-outs
= 17 = NpSS. This means SS = 17/50 = 0.34.

This estimated screening strength is considerably
different than 0.70 and an adjustment in the
screening parameters is indicated. If a confidence
interval on the true SS {(assuming p = 0.005 is cor-
rect) is desired it can be obtained from a con-
fidence interval for Hp. Based on X=17 a 0.99 con-
fidence interval is (see page 190, Handbook of
Probability and Statisties, Chemical Rubber Co.,
1966 Cleveland, Ohioc 44114 for ready to use tables)

P(8.2 <p < 20.7/X=17,p=0.005)=0.99
Dividing each endpoint by Np = 50
P(0.164 <SS < 0.614/X=17,p=0.005)=0.99
and (0.164,0.614) is and 0.99 confidence interval for SS.

) The SDO model has, in addition to the expected total
dropouts (and the accompanying 0.99 bounds) the similar numbers
for part/component dropouts and wcrkmanship/manufacturing defects
separately. Thus, if the user can classify failures into two
categories: parts/components versus workmanship/manufacturing
separate checks can be made of the expected dropouts as described
in the above example.

B.1.2 Adaptive Screening for Unit/System Level Screens: In a
unit/system level screen, failures that are precipitated
will be repaired; an entire unit or system will not be
discarded. Thus a model is needed to cumpute the expec-
ted number of failures in the selected test time T. In
Ref. 22, a Chance Defective Exponential (CDE) time-to-
failure distribution was introduced:

P (unit lifetimegt) = [exp - (aot+al (l-e-GZC);} ,t >0, 34r8;53,>0
168
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APPENDIX B

STATISTICAL ASPECTS OF ADAPTIVE SCREENING

B.1 Adaptive Screening One of the cardinal "rules-of-thumb”
of Stress screening is that a screen should never be selected or
applied without an idea of its screening strength (SS = proba-

bility of detecting a latent defect given that a latent defect
is present).

In order to monitor and control a stress screening
program, even one consisting only of a single screen, it is
necessary to compare the actua. results of the screen to the

planned results. The results ¢. a screen are commonly of two
forms:

i) number of dropouts, ‘ailures
ii) times to failure

The first 1is usually called "attribute" data and the latter is
called "variables" data.

B.1.1 Adaptive Screening for Dropout/Failure Data:

Suppose that prior to the running of a given screen the planned
{(from, say, the screening strength equations) SS has been deter-
mined; suppose alsc the same is true of the incoming latent
defect rate p. Further, let N denote the known or estimated to-
tal number of opportunities for latent defects to occur (usually
parts, connections, solder joints, etc.). The probability dis-
tribution of X, the number of drop-outs, is

N
P(X=x) = (N (pss)* (1-pss)N, that is

X has a binomial distribution. Since pSS is usually quite small
(e.g. < 0.01) and N quite large (e.g. > 1000) the Poisson dis-
tribution is used (in the adaptive routine of the SDO model):

P(X=x)=(e ™™ v¥)/x!  u=NpSS.

The SDO adaptive routine uses the planned values (from the main
program) for p and SS to compute NpSS zu and using a computer
routine prints out the upper and lower bounds on the total
OBSERVED number of drop-outs based on a 0.99 probability inter-
val. That is, if the observed number of drop-outs (symbolized by
X above) is outside the bounds, the screening is not behaving as
planned.
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APPENDIX C
THE CHANCE DEFECTIVE EXPONENTIAL (CDE) MODEL

The CDE Model:

f,(t)'P(unit 1life >t)=exp [ -(aot+al (1-."2t))] (C-1)

is extremely attractive. It arises from reasonable physical con-~
siderations and it can furnish a direct (unconfounded with p) es-
timate of screening strength (Ss).

Actually the CDE of C-1 involves two assumptions that
need not be made and that do not seem to improve it's trac-
tability. The assumption that the probability distribution of n
(the random number of latent defects) is Poisson (with mean 3y
=ilp) may be replaced by the exact binomial distribution:

P(n) = (g) P (1-p) N-n (p = the probility of a latent defect)

Also it was assumed that the total failure for all of the good
parts (of which there are actually N-n) is a constant ag. 1If
we write a] for the failure rate of a single good part and
remove both gf these assumptions.

' N
Fs(t) = [(1-p) Q-aot + pe-azt] .

The form (C-1) of the CPE has three unknown rarameters a = (ag, a,, a,)
while the "exact" CDE above has four parameter§ - og ades {t?
The parameter N is known sc that the only unknown para-
meters are ao' '3, P

A vquantity of interegt is the probability that a defec-
tive unit (symbolized by D) will live through the test i.e. (if t=
unit life) p(t > T/D), it can and has bheen shown that:

- ‘-r _"BT] -[
. [ao +a) (Q-e720[ a1...301-] (o)
-a
(1-e 1)

P(t>TID) =

The screening strength (SS) per latent defect is
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It will be assumed, as in Ref. 22, that the unit/system failure
process is a Nonhomogeneous Poisson Process (NHPP) with the mean
value function (say M(t)) of the CDE:

- -8t
M(t)=Expected # of occurrences in (0,:)-aoc+11(1-c 27)

The CDE arises naturally: assuming that a group of N parts con-
tains n<<N latent defect parts with constant failure rate 3,: a
large number (li~n) of good parts with constant failure rate
(for the totality of good parts) a;:; and expected number of
latent defect parts d;=Np (p =the incoming latent defect rate)

then the probability of survival of a system comprised a total of
N parts (given n latent defective parts) is P (system live > t/n

bad parts) .
- (e-aot)'[e-nznt]

Multiplying by probability of n latent defective parts, namely

(«™ l?S/nl
and summing out n, the unconditional survival distribution is

P(unit life time >t)& f'(t)-exp{ aotﬂl(l-c.‘zt)]

Since a = Hp, :D = NAg = failure rate of a good part, a = g
(latent defect failure rate),

PLANNED values of a = (ao, 8, 42), say a* = (as,a{,ag)

can be obtained. The planned expected number of occurrences in a
screen of length T is .
T

H(T)-a; T+ a * 1-¢° %2

L ¢ )
and this is the value computed by the adaptive routine at the
unit/system level screens.

When the actual failure times (during the unit/system
level screen) are available, which is wusually very costly, the
parameter vector a might be estimated and more extensive data
analysis performed. This topic is discussed in the Appendix C.
At this point such data analysis is too costly and intractable
for the adaptive routine.
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maximizing vector a are said to be the maximum likelihood
estimates (MLE's).” On the other hand one might differentiate
(C-4) or its logarithim with respect a5, 31, & ,-and iter-
atively solve three equations in three unkkowng.

There are non-trivial problems with either approach,
starting points are required and these are not easy to come by.
SO0 the orders of magnitude of a,, a; . aZ, are quite different

which causes other problems. Ussglly good starting points are
obtained by using another method of estimation. For example the
moment estimates of a say a (a,, a,, a,) could be used as start-
ing points or in the worst cas thly cguld be used as estimates
directly. Unfortunately the moments of the CDE, even the first
(the mean) are intractable. All this discussion leaves aside
the important question: over the space of all possible observed

data {t,.} for which sets of ti' will the maximum of (C-4) exist
and/or Bd unique? J

However, assuming a user can obtain estimates of a
which to him are satisfactory the direct estimate of SS can be
obtained, namely, l_e-azT

In fact, there is another approach to estimating
2. It is the non-linear squares approach using the
observed cumulative failures as the dependent variable and
fitting the observed cumulative failures to the mean value
function,
-azt
M(t) = at +a1 (1-e )

From a purely statistical standpoint this method is not as
satisfying as the maximum likelihood method. Indeed the
method considered here would better be called "pseudo" least
squares. The UCLA BIOMED CAL non-linear least squares
~rogram (BMDO7R) seems to have problems of convergence and
starting points as well.
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§SS = 1 - exp (-az T) (c=3)

Thus, if :& can be estimated the component screening strength
can be estimated directly (i.e. without being confoundec with the
incoming latent defect rate p.)

In fact the only method of estimating SS directly
(other than the above method) which Is known 1s that of "seeding"
latent defects so that the 'number initially present is known.
This latter approach has serious shortcomings. For example some
latent defects are impossible to seed or perhaps a better word
would be impossible to "simulate”.

Unfortunately, obtaining estimates of the vector a
in the CDE model is difficult even though Fertig (Ref. 22)
presented some successful casges.

The likelihood function (i.e. the joint probability
density of the failure times) is

N Ty
. -a,t (C-4)
321 a - F(Tj, 3.)121 (ao +a; 8, 2°13)

where: I = number of systems under test (screen)

Tj = length of test for jth system

r; = number of failures observed on the jth system
= the ith the failure time (i-l.....rj) on the
jth system
f15 € Fieg,ge BT Lo Tyl
1-1-'(':j ;8) -i’s(r) given in (C-1)

Usually the N systems are all on the same screen and hence Tjs T
for all j. It is also not uncommon that N = 1.

In anry case, based on the failure times the function
(in C~4)) can theoretically be evaluated by optimization

tecaniques to find the vector i = (3., 3., 2,) which m
€ ) _ve , nakes (C-4
tie largest, i.e., maximizes (T-4). 0The éom onents of the ( )
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APPENDIX E

LONG TERM PIELD RELIABILITY IMPROVEMENT THROUGH NATURAL
LATENT DEFECT REDUCTION

If M represents the total number of opportunities
(parts, solder joints, connections et. al.) for a latent defect
and if p is the probability of occurrence of a latent defect,
then when an assembly, unit or equipment has been constructed the
probability that exactly n of the N opportunities represent
latent defects is given by the binomial distribution:

P(n) = () p"(1-p)N°"

which, because N is usually large and p usually small, is well-
approximated by the Poisson distribution.

However, the major point of consideration is the be-
havior of n (the number of latent defects) and p (the latent
defect rate or probability of occurrence) as the unit is operated
for a long time in the field. Indeed suppose each time the unit
fails, with constant rate (N-n)Ag for the good "parts" and con-
stant rate nkig for the bad "parts”, that it is repaired with a

"part"” with probability l-p and repaired with a bad (latent
defect) "part” with probability p. That is, it is assumed that
the repairs are made at the same (latent) . .fect rate as that
which previously existed (when the unit was built). The factor k
> 1 is the ratio of the latent defect failure rate to the good
part failure rata.

It can be shown that as t (operating time) -+

P(n) = () ()R 2-pnN T (E-1).

where"p* - P P
k(i-p) +p = ¢

This dJdoes not mean that the random number of latent defects, n,
will approach a constant and stay there; it means that n will
vary, with mean Np*. It also means that the long-run latent
defect probability is p*.

Note also that since k > 1, p* < p always.
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APPENDIX D

APPROXIMATION OF SCREENING STRENGTH USING OBSERVED MTBF

Here it is assumed that, at the equipment or system
level, estimates of the MTBF with and without a particular
“screening sequence” (perhaps consisting of only one screen)
are available. )

Let I be the number of opportunities (parts connections)
for the occurrence of a latent defect in an equipment or system.
Then, in terms of expected values, the gystem failure rate at
time ¢t = 0 and prior to a screen is

Ay.s. = N (1-p)Ag Npkig (D-1)

where: %k > 1 is the factor which when multiplied by the
non-defective part failure rate yields the
latent defect part failure rate; p is the
latent defect occurrence probability (rate) and
u.s. represents unscreened.

After the screen, in terms of expected values the equipment/sys-
tem failure rate is

- (D-2)
As = N [(l-p)(l-SS)] Ag’ Npklg (1-S8)
where: SS is the screening strength of the screen. Using (D-1)
and (D-2)
SS = (Au.s.-ks)/(xu.s‘-NA) As > NA

The largest SS can be is when Ni=\_; then SS is one. The
smallest SS can be is when NA+0 and then it is 1 - (A_/A
s’ "u.s.
MTBF
- 1 - uQSQ

MTBFs

Example: Suppose that two pieces of electrical equipment have
MTBF's (field observed) of 100 and 250, respectively,
and that the first (100 hr. MTBF) has been unscreened
while the latter (250 hr. MTBF) was subjected to a 15
min. 6g (RMS) random vibration screen. Then the
strength of that screen, namely SS, is at least
1-100/250 = 0.6.

)
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POMULATION FAILUM RATE IFAILUREMHOUR)
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Figure E.1. Decressing Failure Race wich Time, 2,000 Parts
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Figwe E.J. Decreasing Failure Rate with Time, 20,000 Parts
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- 3
Example: Suppose M = 2000, p = 0.005,Ag = 10 7 and k = 2x10 .
Then

p. - 0‘005 - 205 X 10-6
1990 + .005

An important question is: how long does it take to ap~-
proach (E-1). The mathematical result requires t = 2 . The
accompanying three figures give an idea of the rate of decrease
for nine typical cases: p = ,001, .005 and .01,

p = 0.001, 0.005, and 0.0l
N = 2000, 10,000, and 20,000

-7
A= 10
g

kig = 2 x 1074

The data in the three figures were derived from a simulation
program which simulated failures of both good and bad parts and
replacement of the failed part from populatic.:s containing p
fraction defective.
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APPENDIX F
MODEL COMPUTER PROGRAM LISTINGS

The three computer programs comprising the SSM are,

1) PREFIX
2) Sbol
3) ADAPT

Listings of those programs are contained in this appendix. Below
is a table of internal constants, identifying the values assigned
to the constants and the line number in the program where that
constant can be found. This enables the user to modify the
program by altering the constants to more closely £fit the users

own hardware characteristics, production processes and screening
conditions.
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PROGRAM LISTING FOR PREFIX. SDO. FORT
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80

READ ($,#) BMINIL(KZ),BMAX12(KXZ)

BMINIZIKZ)=0, .
IF (OPTC.EQ.1.0) BMINI2(KZ)ZBRAX12(KZ)
BMAXIL(KZ)SBMINIL(KZ) = = . . .

G0 T0 180 AU
IF (ISCR(KZ).NE.2) GO TO 80

WRITE (64,4103 XZ .

If toFTC.2Q.1.) GO TO 70
KRITE (6,420} o

READ (8,.») IDCYY

IF (IDCYT.NE.0) GO TO 70 .
CrAX21(k2)s3.06

CHINZL(XZ)E?1.0 o

EHAX22(KZ)2-54.0

eMIM22(KZIe-88,8 T

BMAX23(KZ)=2S8.0

gnrN2(kZIes.0 T

BMAX24(XZ)220.0
SMIN24(KZ)20.0

IF (0PTC.£Q.1.0) MMQ(KZ)IWZQ(KZ)'

GO YO 180
KRITE (6,430)

READ (S,#) BMAX21(KZ),BMAX22(KZ),8MAX23(KZ),BMAX24(KZ) |

ENIN24(KZ )0,

IF (OPTC.EQ.1.0) BMIN24(KZ)SBMAX26(KZ)

CMINR1IKZ)sBMAX21(KZ)
BMIN22(KZ)2BMAX22(KZ)
BMIN2I(KZ)=BMAX23(KZ)

GO TO 180

IF (ISCR(KZ).NE.3) GO TO 120
LRITE (6,440) K2

IF (OPTC.EQ.1.0) GO TO 90

WRITE (6,450}

READ (S,») IDRV

IF (IDAV.NE.J) GO YO %0
SuUX3I1(K21<6.0

EHIN3L(KZ)36.0

BMAX32{KZ)=®10.0 Lo
BMIN32(KZ)30.0 }
IF (OPTC.EQ.1.0) BMINS2(KZ)s8MAX32(KZ}
G0 10 180

WRITE (6,4460)

READ (S5,8) BMAX3I1(XZ),EMAX3I2(XZ)
IF (BMAX31(XZ).LE.7.5) GO TO 100
BHAX31(KZ)27.8

IRITE (6,470)

GO TO 110

IF (BMAX31IXZ).6E.0.6) GO TO 110
EMAX31(KZ)=0.6

IRITE (6,480)

EMIN32({KZ)s0.0

EMIN3LIKZ ) sBMAX3IL(KZ)

IF (OPTC.EQ.1.0) BMIN32(XZ)=BMAX32(KZ)
G0 TO 180 .

IF (ISCR(KZ).NE.4) GO TO 150
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MAIN
MAIN
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MAIN
MAIN
MAIN
MAIN
MAIN
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MAIN
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" MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
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MAIN

" MAIN

MAIN
MAIN

. BAIN

MAIN

" MAIN

MAIN
MAIN

" MAIN

MAIN

" MAIN

MAIN
HAIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

560
s70
580
590
600

610
620
630

640
650

660

670

680

690
700
710
720

730

740

750

760
770
780
790
800
810
820
830
840
850
850
870
880
890
900

90

920
930
960
950
960

970

980
990

MAIN100O
MAIN1O10

. MAIN1O20

MAIN1030.

HAIN104O
MAIN1050
MAIN1060
MAIN1G70
MAIN1O8O
MAIN10G0
HAIN1100




A

b —— i ke W Y S e it

R LT

Laat e L S T Y

.

MRITR (6,490) XZ e e it e MAINL1110
IF (OPTC.EQ.1.D GO YO 130 . L. RAIN1120
LT (6,800 e i e HAINL130
READ (S.¥) IOSSV D L . MAIN11GO
IF (IDSSV.NE.O) GO YO 130 . .. mAIN11SO
SMAXAL(XZ)56 .0 e e MAIN1160
BMINALIKZ)®6.0 L. D, ... . MAINl170
CHAXA2(XZ)=10.0 e e MAIN1180
SMINA2(KZ)=0.0 i, MAINL190
IF (OPTC.EQ.1.0) BNINA2(KZ)SBMAXAL(KZ) | . S . ... . .....MAINM200
co 10 180 e e e MAIN1210
130 KITITE (6,510) ) e ee . aINL220
NEAD (5,9) BMAXOL(KZ),BMAXA2(KT) . MAIN1230
17 (BMAXAL(KZ).LE.24.0) GO YO IO . .o MAIN1240
BMAXSL(KZ)S14.0 i e e MAIN12SG
WRITE (6,520) ) .. e e e MAIN1260
160  EMING2(KZ)®O.0 MAIN1270
IF (OPTC.EQ.1.0) BMINGZ(KZISGMAXG2(KZY MAIN1280
BMINGLIKZISOMAXAL(KZ) MAIN1290
COTOS i e HAIN1300
150 IF (ISCR(XKZ).NE.8) GO TO 190 oottt ot MAIN1310
WITE (4,830) KZ MAIN1320

IF (OPTC.£Q.1.) 6O TO 160 " MAIN1330

KRITE (6,548) . e e .. MAIN1340

REZD (S,#) IDSPFV L _ MAIN13S0

IF (I0SFV.NE.0) GO TO 160 L L .. MAIN1360
BMAXS1(K2)8.0 e ... MAIN1370

. enINSLIKZ)26.0 o P MAIN1380
 BMAXS2UKZIS10.0 . . MAIN1390
BNINS2(KZ)%0.0 e MAIN1400

IF (OPTC.EQ.1.0) BMINS2(KZ)=gmAXS2(KZ) . . T .. MAINlelo

. CO TO 180 e e e . MAIN1G20

160 tITE (6,880 L MAIN1430
READ (S,#) SMAXSL(KZ),BMAXS2(KZ) L . MATN1G4O

IF (DMAXS)(KZ).LE.18.8) €O TO L70 ... MAIN1450
BrAXS1(KZ)s1S,.S e — MAIN1460

KLTE (4,540 L i imeemae. ... ... MAIN1G70

170 OMINS2(X2)30.0 D ... .. maINlaso
IF (OPTC.£Q.1.0) BMINS2(KZ)sBMAXS2(KZ) e : MAIN1490
BHINS1IKZ)EONAXSL(KZ) o _ MAIN1S00

180 LAITE (6,870) KZ o MAIN1S10
REAOD (S,») AZA(KZY ) MAIM1S20
LITE (6,580} L o ... MAIM1S30

READ (S,.#) BIA(KZ) L . MAIN1540

IF (B1A(KZ),£0.0.0) BLA(KZ)aCPHR o .. ... . mAIN1SS0
BaAxZI=xe. e MAINLS40
LRITE (6,590) . - . ... MAIN1S70

RERD (S,») BYIKZ) o o ... MAIN1SSO
SITE (6,600) . .. ... . ... BaIN1S90

READ (S,#) ADEPIXZ) L .. .. MAIN1600

IF (ADEF(1).2Q.0.0) ADEP(Y)=.Q02 . .. MAIN1610

IF (ADEF(2).£Q.0.0) ADEF(2)=s,000 ... MAIN1620

1P (ADEF(3),£Q.0.0) ADEF(3)2,000% o . ... . . . mAINle30

190  cournue L MAIN1640

00 200 II821,3 T T T T maIN16S0
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200

216
220

230

263

250
260

270

290

IF (ISCR(IIS).LE.0) ISCR(IIS)=Y = = ... ... ..

KRITE (2,#) ISCR
HRITE (8,0) F

00 220 INDEX231,8
oure2:1000.

IF (ISCR(INDEX).EQ.INDEX2) GO TQ 238 .

WALITE (10,#) OUMBL,0UMB2 e
60 TO 220

KRITE (10,%) ALACTNDEX),B81A(INOEX)
CONTINUE

WRITE (11,610) P
HRITE (9,620} R1.R2
00 230 I=1,3 e
SRAITE (12,#) BMAXIL(I),BMINIL(I)
BRITE (12,») BMAX12(1),8MINI2(D)
BRITE (12,#) BHAX21(1),8MIN21(I)
BRITE (12,#) BMAX22(I),BMIN22(I)

WRITE (12,#) BMAX23(I),BHIN23(I) . ..

KRITE (12,#) BMAX24(I),BMIN24(I)
WRITE (12,#) BMAX3L1(I),BNIN3L(I)
KRITE (12,#) BMAX32(I),BMIN32(I)
WRITE (12,%) BMAX4L(I),BMINGL(I)
KRITE (12,#) BHAX42(I),BMING2(I)
LRITE (12,#) BHAXS1(I),BMINSLII)
HAITE (12,#) BMAXS2(I),BMINS2(I)
CONTINUE

LRITE (4.#) NCYC,M,NPARTS,CREQD, !.:‘N.mv.cm_
LRITE (4,630)

LITE (4,»#) POEF

00 260 IX=1.,M

LRITE (4,») ADEF(IX)
WRITE (4,630) e e e
00 260 IX=1,4 e
00 250 Iusl.S5 e R
WRITE (4,») B21IX),83(IX) . .
CCMTINUE

GO T0 300

HRITE (6,640)

SRITE (6.450)

READ (5,#) XMTBF .
IF (XMTBF.EQ.0.) GO TO 280
CATC0=9.

60 TO 290

BRITE (6,660)

READ (S,#) CREGO

IF (CREQD.NE.0.0) GO TO 290
CRECD=1.E10

OPTCz1.0

KRITE (6.,670)

READ (5.#) NPARTS

IRITE (6,680

READ (S,#) XLAMPL,XLAMCY
IF (XLAMPY.EQ.0.0) XLAMP131.E-7
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|00 220 DNOEXEIMN "jf'fﬁ'ﬁf”ﬁ'ﬁ'.'ﬁl.'ﬁflﬁfff

oUMB1:1000. e,

_ MAINL720

MAIN1730

_MAIN1760 |

| MAINL7S0 |
" MAIN1760
| MAIN1770

MAIN1780
MAINL790

. MAIN180O

. MAIN1S10

MAIN1820
MAIN183C
MAIN184O
MAIN18SO

.. MAIN1860
- MAIN1870

MAIN188O

. MAIN1890

MAIN1$00

. MAIN1910

MAIN1920
MAIN1930
MAIN1940
MAIN19S0
MAIN1960
MAIN197d
MAIN198O

_ MAIN1990

MAIN200O
MAIN2010
MAIN2020
MAIN2030
BATI2040
MATIN2GSO
MAIN2060
MAIN2070
MAIN2080O
MAIN2090
MAIN2100
MAIN2110

. MAIN2120

MAIN2130
MAIN2140

. MAIN21S50

MAIN2160
MAIN2170
MAIN2180
MAIN2190
MAIN2200




Ll o ’?! ’g

300

e e me——-— e m e e gl e ELACIRERRE 7 fat - Lo A
. IP (XLAMC1.EQ.0.0) XLAMCIS1.€-10 ... ) MAINE210
XLAMP2E2, £38XLANPY e e e ... . MAIN2220

. XLAMC2Em)  E3WXLAMCY i U, MAIN2230
 MOPSZL. 4MIPARTS L MAIN2240
HRITE (13.8) NOP,XLAMPL,XLAMPZ XLAMCI XLAMC2 . . . MAIN22S0
WRITE (64690) o . nami22e0
READ (S,#) POEF L MAIN2270
MEITE(6,.586) _ , _ L MAZH2280
READ(S,m)CPHOR® . ... HAIN2290
crms3e. L MATH2300
Gd 70 10 e .. HAIM2310
$T0P . e ... hamnes20
naIN2330

310
320

330

340

340

370

3%

400

410
420

430

440
450

440

470

FORMAT (1X////14X,8(°#° ), 'TEST AND PARAMETER SELECTION',8(°®‘)///1MAIN2340
PCAMAT (1X//SX, 'FOLLOWING ',' ARE THE AVAILABLE SCREENS :'//SX,'1.MATH2350
1 CONSTANT',' TEMPERATURE'/SX,'2. CYCLED TEMPERATURE'/SX,'3. RAMMAIN2360
2001 VIBRATION'/S5X,'4, SINE SUEEP',' VIBRATION'/3X,‘'S. SINE PIXEDMAIN2370
3 VIERATION'//) ) . HATIN2380
FCRMAT (5%/3X, *OEFAULTS ARE: /10X, 'LEVEL 1',10X, LEVEL 2°,10X, "LEVMAIN2390
1EL 3°/6X, ' TEMP, CYCLING®,7X, ‘RAN.VIB®,7X, COMST. TEMP,’'/11X,’(2)',HAIN2400

24X, (3 410X, (1) 272/ HATIN2410
FOMAT (5X,'IF YOU WISH DEFAULT SCREENS ENTER ZERO, IF NOT,',' ENTMAIN2A20
1R 1:*) MATN2430

FORMAT (1X//5X, ENTER YOUR SCREEN SEQUENCE AS FROMPTED USING *, *NUMAIN2440
LIDERS FROM ABOVE LISTING:'/SX,'IF YOU CO NOT WISH TO SCREEN *,°*AT MAIN2450

2A PARTICULAR LEVEL, ENTER ZEROQ:‘) ) nATHZA60
FORMAT (1X,'FOR LEVEL',12,°' THE SCREEN NUMBER DESIRED IS:°) MAIN2470
FCRMAT (1X///726X, 81" ),'LEVEL',12,8(°'%*)//7) MAIM2480
POMAT (5X, ‘CONSTAIT TEMPERATURE, LEVEL',I2) MAZH249C

PORMAT (S5X,'THE DEFAULT VALUES ARE:'/SX, ' TEMPERATUREZ70 DEG C°/SX,MATN2500
1°TINE RANGE TO BE INVESTIGATED20 TO 48 HOURS‘/SX,'IF YOU WISH THE MAIN2S10
SOEFAULT VALUES, ENTER ZERO, IF MOT,', ENTER 1:°) MAIN2S20
FORMAT (SX,'ENTER, IN CRDER, SEPARATED &Y COMMAS OR SPACES:'/SX, ' TMAIN2530
1€MP IN DEG C. ', ' TIME IN HRS:‘/SX,'({TEMP MUST 8Z LESS THAN +7S DEGMAINZS4O
20) o - MAIN2S5Q
FORMAT (SX,'TEMPERATURE CYCLING, LEVEL®,I2) HAIN2S50
TOAMAT (5, THE DEFAULT ', 'VALUES ARE:'/SX,‘LONER TEMP:-S54 OEG C°'/MAIN2ST7O

15X, "UPPER TENP271 DEG C°/5X,'TEMP. RATE OF CHAMGE=S OEG C/MIN'/SX.1aIH2580

L'RANGE OF CYCLES TO BE',' INVESTIGATED=0 TO 2€°'/3X,'IF YOU WISH THMAIN25S0
38 DEFAULY VALUES ‘,'ENTER ZERO, IF NOT, ENTER 1:°) MATH2600
FORMAT (35X, ENTER, IN GROER, SEPARATED BY COMtMAS OR SPACES:'/SX,'UMAIN2610
1PPER TEMP.,LOWER TENP.,TENP. RATE OF CHANGE, NO.',' OF CYCLES:'/SXMAIN2620
2, " { TEMPERATURE RANGE MUST BE WITHIN =53 TO +75°',° DEG C'/SX,'AMND AMAIN2630
SATE OF CHANGE BETWEEN 1 AND 20 DEG C/MIN)) ) MATN2640
FCAMAT (SX, 'RANDOM VIBRATION, LEVEL',I2) : MAINZ650
FORMAT (5X, 'THE DEFAULT VALUES®,' ARE:‘/SX,'8~-LEVEL36 G°/5X. 'RANGEMALN2660
1 OF TIME TQO BE INVESTIGATED=0 TO 10 MIN.'/SX,'IF YQU WISH THE DEFAMAINZ670
2ULT VALUES ENTER ZERO, IF NOT, ENTER 1:°') MAIN2680
FORMAT (85X, 'ENTER, IM ORDER, SEPARATED BY COMPIAS OR SPACES:‘/SX,'GMAIN2690
1 LEVEL,',* TIME IN MIN:'/SX,'(G LEVEL MUST BE BETHEEN .4 AND 7.3)'MAIN2700
2) ) MAIN2710
FCRMAT (5X,'6-LEVEL OUT OF ALLOWABLE RANGE~--PARAMETER SET AT 7.8°',MAIN2720
1' 6.") MAINZ 730
FOAMAT (SX,'G-LEVEL QUT OF ALLOWABLE RANGE-<-PARANETER °,°SET AT 0.MAIN2740
16 G6."? ) o . MAIN27SO
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490
$00
s10
820

530
540

$50
860
$70
539
59
600

610
620

(21 ]

460
A79
¢80
%

FORMAT (5X, 'SINE SHEEP VIBRATION, LEVEL',I2) . MAIN2760
FOAMAT (5X,° THE DEFAULT VALUES ARE:'/SX, 'G-LEVEL36 G'/3X, 'RANGE ',NAIN2770
1°0F TIME TO BE INVESTIGATED=0 TO 10 MIN.'/SX,'IF YOU',' WISH THE OMAIN2780
2EFAULT VALUES, ENTER ZEROQ, IF NOT, ENTER 1:°) MAIN2790
FCRMAT (5X,'ENTER IN QRDER, SEPARATED BY COMMAS OR SPACES:'/SX,'G-MAIN2800

_ JLEVEL, TIME IN MIN:'/SX,'(G LEVEL BETWEEM 0 AND 10)°) MAIN2810
FCRMAT (SX.'G-LEVEL OUT OF ALLOWABLE RANGE-=','PARAMETER SET AT 14MAIN2820
1.0 G*) MAIN2830
PCAMAT (SX,'SINE-FIXED FREQ. VIBRATIOM, LEVEL',I2) MAIN2840

POAMAT (5X.'THE OEFAULT VALUES ARE:'/5X,'G-LEVEL2S G*/5X, 'RANGE CPFMAIN28S0

C1%,* TIME TO BE INVESTIGATEDZ0 TO 10 MIN'/SX,'IF YOU HISH THE °, 'DEMAIN2860
2FAULT VALUES ENTER ZERO, IF NOT, ENTER 1:°) MAIN287v

FCRMAT (SX,'ENTER, IN CROER, SEPARATED BY COMMAS OR SPACES:‘'/SX, 'GMAIN2830
1-LEVEL, TINE IN MIN:'/5X,'(G-LEVEL BETWEEN 1 AND 10)°)} MAIN2890
FOMAT (5X, ‘S-LEVEL OUT OF ALLOWABLE RANGE-~','PARAMETER SET AT 1SMAIN2900
1.8 ¢*) MAIN2910

. FORMAT (1X/SX, ‘ENTER THE FOLLOWING MANUFACTURING PROCESS DATA',', MAIN2920

ILEVEL®,12//5X, ' IF MODEL OEFAULTS ARE DESIRED FOR ANY ITEM, ENTER ZMAIN2930

2ER0:° //%X, 'FIXED TEST COST IN DOLLARS:') _  MAIN2940
FORMAT (SX, 'VARIABLE TEST COST IN OCLLARS PER HOUR2') MAIN2950
FORMAT (5X, 'AVERAGE COST IN DOLLARS FOR REPAIR OF DEFECT',’ DETECTMAIN2940
1ED AT THIS LEVEL3') MAIN2970
FORMAT (5X,’ASSEMBLY DEFECTS AT THIS LEVEL AS A FRACTION *,’OF TOTMAINZ980
2AL PARTS=*) , , A o MAIN2990
FORMAT (1X,Fs.1) ) o . MAIN3000
FORMAT (2(1X,F10.6)) _ , o MAIN3010
FORMAT (1X) MAIN3020

FOMAT (SX///7716X,8( #*)," SELECTION OF PROGRAM INPUTS AND °, ‘OPTIMAIN3030
10MS *,8( %)/ /5%, 'IF THE MOOEL DEFAULT IS OESIRED, ENTER ZERO:'//SHAIN30GO

. &X,'OPTION A FINDS OPTIMAL TEST SEQUEMNCE TO ACHEIVE A',' GIVEM PRODMAIN3OSO

SUCT /8%, * RELIASILITY REQUIREMENT'//5X,‘OPTION B *,'OPTIMIZES PROOMAIN3060

. SUCT QELIABILITY GIVEN A FIXED COST'//5X, 'OPTION C COMPUTES TEST STMAIN3G70

. SRENGTHS OF EXISTING SCREENS'//) MAIN3O08O
FCRMAT (1X/85X, 'DESIRED SERIES MYBF OF NEW SYSTEM (OPTION A ', 'ONLYMAIN3G90
1,FOR OPTICHS B OR C '/SX,'ENTER ZERO)') MAIN3100
. FCAMAT (1X/SX,'COST BUDGET(OPTION 8 ONLY,','FOR OPTION A OR € ENTEMAIN3ILO
IR ZERO)*) ) ) } : MAIN3120
FORMAT (1X/5X, ' TOTAL PART POPULATION(NO DEFAULT AVAILABLE)') MAIN3130

FORMAT (1X/SX,'FAILURE RATES OF GOOD PARTS; GOOD CONNECTIONS2')  MAIN3I1G0
FORMAT (1X,5X, ‘PART QUALITY DEFECTS AS A FRACTION OF TOTAL',' PARTMAIN31S0
183¢) . X o L . . MAIN3160
END . . L . . MAIN3170
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10

30
&0

INTEGER T . e MAIN
INTEGER®2 TV(20,300),38Q(20,300),TV1(17000),88Q1(17000) MAIN
OINENSION N(S), ADEF(S), F(11,4,3), R1(11,4,5), R2(11,4,5), MAIN
*CT(5:8)y MAIN

1CR1(5,5), CR2(S,S), TS(20,1500), TC(20,1500), N1(20), NPF(20), ISCRMAIN
203)y P(11,4,5), TS1(17000), TC1(17000), SCOSTI(S5,3), IARRAY(20), MAIN
*TIME(3,3), . . MAIN
3 TSS(20,1500), PARRAY(11.4:3), AMAX11(3), AMINIL(3), AMAX12(3), MAIN
& AMNIN12(3), AMAX21(3), AMINZ21(3), AMAX22(3), AMIN22(3), AHAX23( MAIN
$3)s AMINZ3(3), AMAX24(3), AMIN24(3), AMAX3IL(3), AMIN3IL(3), AMAXI2(MAIN
63)s AMINI2(3), AMAXL(3), AMINGL(3), AMAXA2(3), AMING2(3), AMAXSL(MAIN

730, AMINSL(3), AMAXS2(3), AMINS2(3), X(11,4,5),TSS1(17000) MAIN
DATA NF,TS,TC,TSS,TSS1,TS1,7C1/20%0,141000%0./ . MAIN
DATA PARRAY/220#1.0/ e HAIN
DATA P,F,R1,R2/080%1.0/ o e HAIN
DATA N/S»s/ . o L ... MAIN
COMMON ISCR : MAIN

CALL OATA {NCYC,M,POEF,CREQD,E,ITV,N,AOEF,CPHR,P,F,RY,R2,CR1,CR2, XHAIN
INTBP, LEVEL, ITYP, AMAX1 , AHINLY | AHAX12 , AMIN12 , AMAX21 , AMIN2Y , AMAX22  AMAIN

EMIN22, AMAX23, AMINZS , AMAX24 , AMIN2® , AMAX31 , AHIN31 , AHAX32 , ANIN32 , AMAXMAIN
AL, AMINGL ,AMAXG2 , ANING2 ) AMAXSY JAMINSY , AMAXS2 , AMINS2 ,NPARTS) HAIN
READ (2,%) ISCR . I MAIN
WRITE (2,#) M,NPARTS,POEF,ADEF .. ... .. ... maIN
READ (13,%) XNOP,XLAMPL ,XLAMP2 , XLAMCL ; XLAMC2 I 7Y
LLzo - . o .. . ... . MIN
ADINZ0.0 . o P HAIN
00 10 I=1.M S e MAIN
AOINTAOIN+AOEF(I) . e MAIN
OINTAQIN+POEP o e . MAIN
IF (XTBF.EQ.0.0) GO TO 20 e HAIN
FRESL. /XNTBF S o HAIN
FAM=0.0 } o e HAIN
0PTS20.0 ) . S L MAIN
OPYS220.0 . s MAIN
HOURS220.0 R R, ... MAIN
SREQDXMTEF . o .. ....MAIN
0O 180 Il=l,n L e . HMAIN
FILENCIY) . . . . . . HAIN
00 170 1231,N11 L e . .. MAIN
LLstiel A N MAIN
bl s MAIN
READ (10,%,END230) A1,81 ... ... ... N
60 T0O 40 . . o ... .. .. . ... WM
Al20.0 ... ... . .. . .. MmN
8120.0 . ... ... .. MAIN
DO 99 KK4=1,ITV o . . ... .. WIN
DO 90 XX351,ITV . . ... .. nAIN
. DO 70 KK2%1,ITV B .. HAIN
00 60 KK131,ITV . L L HAIN
Hvstvel o . e e . MAIN
00 S0 Is2,NCYC . e .. . BMAIN
PAPRAY(T,11,12)=P(1,11,12) MAIN

CALL SSPROS (KK1,KK2,KK3,KK&,11,12,PARRAY,NCYC,CT,AL,81,1TV,HOURS,MAIN
1CPHR, TINE , AMAX11( 11 ), AMINLI1( 1), AMAXI2(21 ), AMINLI20 1), AMAX2L( 1), AMAIN
2MINZI0IL ) AMAX22( 21 ) AMIN22( 11 ), AMAX23( 11), AMIN23( 1}, AMAX24( I1 ), AMAIN
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210
220
230
260
250
2690
270
280
290
300
310
320
330
340
350
360
370
380
390
400
4lo
420
430
40
450
460
470
480
499

S10
520
530




PP

100
0

120

13
140

R B LR I S S L S

SMINRA( T1), AMAXIL 319, ANIN3L(11),AHAX3I2( I1 7, ANIN3Z( 110, AMAXO1(I1),AMAIN 540
ANINGAL(I1 ), AMAXA2(T1 ), ANMINGZIIL),AMAXSL(Z1 ), ANINSI(Z1),AMAXS2(T1),AMAIN 550
sInsetIA N ) ) MAIN 560
CALL SCWEEN (NCTC,M,N.POEP,DIN,ADEF,PARRAY ,F,R1,N2,CT,CR1,CRE,53,SHAIN 570
1, TCOST, I1,12,3C037, TCHIN, 0.0, TIME ,NPARTS, XNOP , XLAMPL , XLANMPZ , XLAMCHAIN 380

L XLAMC2, Xy . MAIN 3%0
TaS(LL,Mviess MAIN 600
- TSULL, v IasH HAIN 610
TC(LL,vaaTCOSY MAIN 620
cerTME MAIN 630
MAIN ¢40

IF ((12-1)9(22-3)9(12-4)9(12-5)) 80,100,80 MAIN 630
JCoNTINME PAIN 840
CONTINUE MAIN 670
CoNTIwE MAIN 680
00 120 f®t,NcYe 0 ot HAIN 6590
PARRAY(I,11.12)%1.0 MAIN 700
NUtLraey _MAIN N0
IF (LL-2) 170,120,130 ot PAIN 720
K1aN2(LL-1) MAIN 730
80 TO 140 _MAIN 740
(s T MAIN 750
K2eNL(LL) MAIN 760
wsgQeklex2z MAIN 770
.0 ;a0 MAIN 780
00 150 J2%1,K2 MAIN 790
WETSS(LL.J2)9(3,0-TSSILL-1,J2))eTSS(LL~1,J1) MAIN 798
USTS(LL=1,J1)0(1.=TSS(LL-1,J2))8TSS(LL,J2)RTS(LL,J2) _ MAIN 800
VETCILL=1,J1)8( 1, ~TSS(LL~1,J1))9TSS(LL,J2)9TCILL,J2} _MAIN 810
NPOLL)SNPILL ) o} MAIN 820
Mmooty T MAIN 830
SEQL1IJ eyt MAIN 840
TV Jd)%J2 MAIN 850
™I MAIN 860
Uy T MAIN 870
TSSL(JIIM MAIN 865
CoNTTIUE MAIN 880
CALL RAMK (T31,TC1,TSS1,N32Q,3€91,TV1) MAIN 890
ac29.0 MAIN %00
@=0.0 7 Tomomr PAIN 910
kKso _MAIN 920
DO 160 Iv1,NSEQ ) MAIN 930
IF ((TS1(1).2Q0.0.9).00.(TC1(1).£Q.0.0)} 60 TO 160 MAIN 940
IF ((TS1(I)-QS)/TS1(I).LT.E) GO TO 160 MAIN 950
IF ((TC1(1)-QC)I/TCI(I).LT.E) GO TO 160 MAIN 960
eCrenr» T _MAIN 970
assTSU ) MAIN 980
XaKel MAIN 990
TCILL,X)aTC(T) MAIN100O
TS(LL.K)=TS1( ) MAIN1010
TSSILL,K)=TSSL(T) MAIN101S
SEO(LL,K)=SEQL( L) MAIN1020
TVILL,K)STVL(T) MAIN1030
TC1(1)=0. MAIN104O
3110, NAIN10SO
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160
170
180

10

TSSi(I)se. MAIN1Ooa

sgauese 0 T o R T mAINL060
TV1(1)%0 ' , MAIN1070
CONTTMUE T ... . . mamN10s0
CONTINUE , o MAIN1090
CONTINVE MAIN1100
CALL SEARCM (LL.K,CREQD,SREQD,SEQ,TV,TC,TSS, TS, IARRAY, TCHIN, TSHAX,MAIN1110
1DIN,X) MAIN1120

CALL REPORT (M,NCYC,N,ISCR,PDEF,DIN,ADEF,CPHR,P,F,R1,R2,CT,CR1,CRZMAINLLIG
1. JAPRAY ,A1,81,1ITV, TCMIN, TSMAX,NPARTS, XNOP , XLAMPY , XLAMP2 , XLAMC] s XLAMAIN1 140
2MC2, X, AMAX1L , AMINLL, AMAX12, AMIN12, AMAX21, AMIN21,AMAX22,AMIN22,AMAXMAIN1150
323, AMINZ3 AMAX24 ) AMIN2G, AMAX3L ) AMIN3L, AMAX32,, AMIN32, AHAXGL, AMINAL ,MAIN1160

| GAMAXQGZ ) AMINA2 , AHAXSY , AMINS] , AMAXS2 , AMINS2 ) MAIN1170
OEBUG SUBCHK . ) . . MAIN117S
END MAIN1180

SUBROUTINE SCREEN (NCYC,M,N,PDEF,DIN,ADEF,P,F,R1,R2,CT,CR1,CR2,38,3CRE 10
1SM.TCOST, I1,12,SCOST, TCHIN, FLAG, TINE ,NPARTS, XNOP, XLAMPY | XLAMP2,XLASCRE 20

ML L XLANMC2 . X) SCRE 30
DIMENSION X(11,4,5), P(11,4,5), F(11,4,5), R1(11,4,5), Q(20), SCRE 40
1ISCR(3), TIME(3,5), TCOSTL(S,5), COSTL(S), N(5), CT(5,5), CRL(S,5)SCRE 50
2, ADEF(S), CR215,5), SCOST(S,5),R2(11,4,5) SCRE 60
COMMON ISCR , _ , SCRE 70
PLEFT2PDEF SCRE 80
IF (FLAG.GT.0.) WRITE (13,#) TIME(1,ISCR(1)),TIME(2,ISCR(2)),TIME(SCRE 90
13,ISCR(3)) SCRE 100
IF (FLAG.GT.0.) WRITE (2,%) P(1,1,ISCR(1)),P(1,2,ISCR(2)),P(1,3,ISSCRE 110
22 TR 1Y . _ SCRE 120
NCYC13NCYCo1 B o o SCRE 130
00 10 Is1,NCYC1 , L _ _ SCRE 140
00 10 J=1,M _ o SCRE 150
NJ=N( 3) - SCRE 160
00 10 K31,MJ ‘ o SCRE 170
X(1,4,K1%0.0 _ , . SCRE 180
X01,1,1)3A0EF(1)+POEF , o | sceE 190
00 50 J21,M _ , T , SCRE 200
NJENCJ) , - o SCRE 210
00 57 K=1,NJ _ ] _ , . SCRE 220
IF (¥-1) 20,20,40 _ , SCRE 230
IF (J-1) 50,50,30 SCRE 240
_ CALL MEAN (XNOP,XLAMC1,X(1,J-1,N(J=1)),TIME( J=1,N( J-1)),P(1,J-1,N( SCRE 250
1J-1)),FALL) _ o  SCRE 260
PLEFT2PLEFTPP(1,J-1,N(J-1)) o SCRE 270
X010dsXK)2X(2,d=1 N J=1) )=FALLSADEF( J) , v _ _ SCRE 230
GO TO 50 ‘ B o SCRE 290
X(1sdsK)IZP(1,J,K-1)9X(1,J,K=11 , o SCRE 300
PLEFTZPLEFTHP(1,J,K-1) o ‘ SCRE 310
G0 TO S0 _ SCRE 320
CALL MEAN {XMOP,XUAMC1,X(1,J,K=1),TINE(J,K-1),P(1,J,K-1),FALL)  SCRE 330
PLEFTZPLEFTRR(1,J,K~1) , o SCRE 340
X(1,2,K18X(1,J.K=1)-FALL SCRE 330
CONTIIVE _ . SCRE 360
IF (FLAG.GT.0.) KAITE (2,#) X(1,1,1),X(1,2,1),X(1,3,1) SCRE 370
CIF (FLAG.GT.0.) MRITE(6,4000)((X(1,J,K),J21,M),K21,8) SCRE 380
IF (FLAG.GT.0.) WRITE (2,%) xu.x.s).xu.z.s:.xt1.3.5nu:n SCRE 390
CLEFT2X(1,3,5)-PLEFT , ,  SCRE 400
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110

120

130
14

195

. G e — — g @+ " e ey v emem o e mmam— . o -

TGS -+ T ey = -W-—-'——,'— —— -
sMxEe., SCRE a10
00 100 X=3,NcYe 0 T Tt Tt SCRE 420
XIedolodme, 8 T T SCRE 430
0O 60 Jx, M SCRE 440
NJSNGY, SCRE 650
00 ¢¢ X=),NJ SCRE 460
XOTol o102 I8X0T01,002)0(2-POL, K1 IOF(T, oK IN(2-RLLT,J:K)IOXIT,JoK ISCRE 470
00 90 Js1,n SCRE 480
MgsNeyy scaE 490
g e XK= N SCRE 500
IF (X(2,0,K).LT.1.00 60 T0 %@ Tttt SCRE 510
IF (J.€9.1.AND.X.EQ.2) GO YO 9% Tttt _ SCRE 520
I? (J.GT.1.AND.K.£Q.1) GO TO 70 SCRE 530
IF (J.6E.1.AND.X.0T.1) GO TO 80 SCRE 540
80 10 % scrRE 550
XULoL1dr2 )8R To) 1 J=1,N(J=1) 19X(To1,J=1,N(JoL) 1o{ 2-P{ T, 551} 10( 1-FLISCRE 560
10J,2 0100 1-R2(T,J,1))9K(1,J,1) SCRE 870
€0 T0 99 SCRE 580
X(To10J,K18PCT01 4, K=3)8X(Le1,JsK~1){1-P(T,J,K} I 1-F(T,J,K} I#(1-SCRE 590
2T, IO, K)o SCRE 600
coNTDIVVE SCRE 610
CONTINVE - SCRE 620
IF (FLAG.GT.0.) MRITE(6,4003)((X(2,J,K),J51,M),Ks1,S) SCRE 630
Srre9.0 _ SCRE 640
00 110 I=1,NCYC SCRE 650
MO SCRE 660
suMsSUNexXt T, T SCRE 70
covIMOE SCRE 680
oQUT=SUN SCRE 690
sy /1t «m—cun)-xummn.omnvms)-nenmum«:umxunscne 700
1C2ePLEPTOXLAMPRY SCRE 710
$391.0-00UT/DIN scRE 720
CELTATOIN-OOUT _ SCRE 730
ACOST20.0 SCRE 740
Teostss.0 00 SCRE 730
o0y SCRE 760
00 120 ¥31,5 scre 770
scosT(J,ym0.0 T SCRE 780
IF(PLAG.NE.0.0) GO TO 140 SCRE 790
DO 130 I=1,NCYC sCRE 800
CRECR1(11,12)9#(T,11,12)+CR2(I1,12)9(1.0-F(T,11,12)) scRE 810
COSTECT(11,12)eCMe(X(I,11,2)=X(2,22,8)) SCRE 820
ACOSTEACOST+COST SCRE 840
6 T0 170 " SCRE 8%0
00 160 Js1,n _ SCRE 860
DO 160 Xa1,S SCRE 870
smystso.0 SCRE 880
SUNTS220.0 SCRE 890
DO 150 I=1,NCYC SCRE 900
SUMTSISSUNTSL4 (1. =PI T,J,K) IX(T,d,K) SCRE 910
| SUMTS23SUMTS29X(1,J,K) SCRE 920
CONTIMUE SCRE 930
I7 (ISCP(J).NE.X) GO TO 160 SCRE %40
17 (P(1,J,19CR(J)).GT.0.999) 60 TO 160 SCRE 950
SCOST( J,K )RSUNTSINCRZ( J,K)+CT( J,K) SCRE 960




. naas o D aamann s o o v
160  TCOSTRTCOSTeSCOST(JI,K) SCRe 970
sgrycsTCOST 0 o . SCRE 980
.60 10 190 . e . SCRE 9%0
170 IF ((DIN-DOUT).GE.1.0) GO TO 180 SCRE1000
. OELTA=1.0 SCREL010
160  TCOST=ACOST/DELTA _ SCRE1020
190  RETURN SCRE1030
DEBUG SUBCHK SCRE103%
END _ _ SCRE10S0
SUBROUTINE RANK (TS1,TC1,T331,NSEQ,SEQ1,TV1) = |  RANK 10
INTEGER®Z TV1(17000),3€Q1(17000) RANK 20
DIMENSION TS1(17000), TC1(17000),TSS1(17000) RANK 30
 MegsNSg@ RANK 40
nisng RANK S0
10 MLsINT(MY/2.) . RANK 60
IFm.e.O0)S YOS RANK 70
H1sNZ-mL RANK 80
D RANK 90
20 = _RANK 100
30 LisTem RANK 110
IF (TCL(I).LE.TCIILI})I GO TO SO = . RANK 120
AlsTénp» RANK 130
812TSI(]) RANK 140
C1=7331(1) . RANK 148
A2%SEQL(T) _ RANK 180
82sTVI(I) RANK 160
bt= L G R X S 3 RANK 170
TS1(I)=TSLILY) RANK 180
TSS1(1)sTSS1(L1) RANK 185
SEQ1(I)=sEQL(LYY Tt RANK 190
™VUDIsTVIOLY) T e RANK 200
TC1(L1)sal _ ) RANK 210"
TS1(L1)=8} L RANK 220
TSS1(L1::C1 _RANK 228
seQreLlysa2 T T RANK 230
T™VitL1)=202 RANK 240
Istea RANK 250
IF (1.6E.1) O TO 30 RANK 260
40 Jager 0 RANK 270
1P (J.LEM1YGO TO 20 . RANK 280
60 T0 10 RANK 290
so RETURN RANK 300
END RANK 310
SUBROUTINE SEARCH (LL,NO,CREGD,SREQD,SEQ,TV,TC,TSS TS, IARRAY, TCHMINSEAR 10
1, TSMAX,0IN,X) SEAR 20
INTEGER 7,8,%1,32 SEAR 30
INTEGER®2 TV(20,300),3€Q(20,300) _ SEAR 40
- OIMENSION TC(20,1500), TS(20,1500), IARRAY(20), X(11,4,5) SEAR SO
+,TS3(20,1500) SEAR S5
PLACE=SREQD sEAR 60
00 10 Is1,NO _ SEAR 70
TCTOTZTCILL,Z I"OINeTSS(LL,I) sEAR 72
. TCILL,I)=TCTOT SEAR 76
10 CONTINUE SEAR 90
DTCMINSTCILL,NO) SEAR 100
196
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100

110
120
130

140

150
160

170

180
209

"10

" IF (CREGD) 30,30,40

2328383

DTSHAXRTS(LL,NO)

IF (SREQD) 140,160,640
KsNO

IF (TCILL,X)-CREQD) §0,80,90
Ks1

IF (TS(LL,K)-SREQD) 100,80,80
$133£Q(LL,K)

TRTVILLK)

TARRAY(LL )sT

...........................

TCHINTC(LL,.K)
TSMAXETS(LL,K)
K=l

60 10 110

KKl

IF (K) 140,160,30
K3Kel

IF (K-NG) 70,70,140
I=LL-1

IF (1-1) 150,150,130
$3SEA(X,81)
T3TV(I,S1)

32331

S1s3

IARRAY(I)sT

Is1-1

60 TO 120

WRITE (6.180)
SREQDSTSILL,NO)
GO TO 20

TARRAY(] )28

60 T0 17

WRITE (6.,200)

- sTOP

OEBUG SUBCHK
CONTINUE
SREQD=ALACE
RETURN

FORMAT (/1X, 'PEQUIREMENT CANNOT BE MET'/1X)

FORMAT (/1X, ‘REQUIREMENT CAN BE MEY WITHOUT TEST SCREENS')

0o

SEAR
SEAR
SEAR
SEAR
SEAR
SEAR

T sean

SEAR

" SEAR

SEAR
SEAR
SEAR

. SEAR
. SEAR
_ SEAR

SEAR
SEAR
SEAR
SEAR

" SEAR

SEAR
SEAR
SEAR
SEAR
SEAR

" sean
| seaR
| seaR

SEAR
SEAR
SEAR
SEAR

| SEAR

SEAR
SEAR
sean
SEAR
SEAR
SEAR
SEAR
SEAR

SUBROUTINE SSPROB (K1 ,K2,K3,K&,11,I2,P,NCYC,CT,A1,81,ITV,HOURS, PHRSSFR
1o TIME ,AMAXLY , AMINLL , AMAXI2, AMINLI2, AMAX2] , AMINZ] , AMAX22,AMIN22 , AMAXSSPR
225 ANINZ I AMAX2S  ANIH2G  AMAX3L , AMIN31 , AMAXI2 , AMIN3Z ) AMAXGL » AMING] , SSPR

JAMAXA2 , ANING2 , AMAXS]Y , AMINS1 , AMAXS2 , AMINS2)
OIMENSION P(11,4,3), CT(5,5), TINE(3,S)
80 TO 110,70,160,220,280), I2

CCONTINUE

C TEST ONE: CONSTANT TEMPERATURE(CT)

RS (AMAX1L-AMINLY oK1 +AMINLISITV-AMAX1Y)/(
RAZABS(AR-2S.)

TTS((AMAX1I2-AMINLIZ )2 +AMINI2#ITV-AMAX12)/¢(
HOURSSTY

OT2ALOG(EXPIL, )el.)

197

V-1
ITV-1.)

SSPR
SSPR
SSPR
SSPR
SSPR
SSPR
SSPR
SSPR
SSPR
SSPR

110
120
130
140
180
160
170
180
190
200
210
220
230
260
250
260
270
280
290
300
310
320
330
340
350
360
370
380
400
610
420
430

459
458
“60
470
480
490
500
520
530
10
20
30
&0
so
40
70
a0

100
110
120
130




g ¢ 83

03

»
v
100

110
120

139

148
150
160

ANCYe}.8

PPTS. 885(1.0-EXP( -0, 00LIVENNG, 40TTER SURNCTROTHS2, 7))

$901.0-PT . . cee
TIME(11,I2)HOURS

IF (B1) 20,20,340 , Z ' ,'ﬁi'. l. _..i..L.Zf"

60 TO (30,40,%0,60), I1 A e e
CT{1,12)2(0.15 )9HOURS*CPHR e e ..
60 TO 330 el
CT(2,12)910.15)5HOURS»CPHR

.60 TO 380

CT( 3,22 )5HOURSHCPHR . e PN
60 TO 350 P e
CT( &, 12 ) sHOUMSHCPHR . e
60 T0 350
CONTINUE

TEST TWO: CYCLED TEMPERATURE(CYT)

MRSABS( AMAX2Y-ANAX22)
OT1o( (AMAX23I-AMINZS )oK S+AMINEINITV-AMAX23 )/t ITV=1.)
OTSALOGIEXP{1. )+0TL Iung, 7

RHCYR( ( AMAXZA=AMINZS JoKOoAMINZARITV-AMAX24 )/ ITV=1.)

TTsl.

PPOTE 850( 1. <EXP( =, 0023RR#S 4uTTHANCY S, S#0T) )
$8=1,0-PFOT

IF (CAMAXNZ3-AMINZS)IKI+AMIN2INITV-ANMAX23) 90,90,80
HOURSERNCY#( 4. /OT+(2.#RR )/(0T%40.)) L
TIN€(11,12)5H0LRS

60 TO 100

HOURS >+

TINE(TI1,12)sHOURS

IF (81) 110,110,340

60 TO (120,130,140,150), I}
CT(1,1212(0.13 ) *HOURSSCPHR

60,70 350

CT(T,121%10.15 )*HOURS*CPHR

60 TO 3%0

CT(3,12)sHOURSHCPHR

60 TO 330

" CTU4,12 )SHOUNSECINE

60 TO 330
CONTINUE

C TEST THREE: RANDOM VIERATION(RVIS)

17e
180

1%

G50 { AMAXIL~ANINI] ) oK1 +ARIN3I#ITV-AMAXS]1 }/(ITV-1.)
TTS( (AMAX3I2~AMINIZ )N 24 ANINI2SITV-AMAX3I2 )/ ITV-1.)
HOURS=TT/60.

005, 2067GGe1.402

D03, 1604068-.0862

PPVS00*( ] . ~EXP( ~-TTo® . S/08))

- 39s1.9-PFV

TIME(I1,12)sM0URS

IF (B1) 170,170,340

60 TO (180,190,200,210), I
CT11,12)%(0,185)9HOUNS

60 TO 350

CTiLg. 121800, 151ms

60 TO 350

198

s
s
ssem
s
ssPR
ssPR
s
s
SSPR
ssPr
ssPR
ssPR
SsPr
SSPR
3SPR
SSPR
aspR
sseR
sser
ssPR
SSPR
ssSPR
sseR
SSPR
SsSPR
sSSP

ssmR
SSPR
SSPR
SSPR
ssSPe
sSPR
$SPR
SSPR
SSPR
SSPR
3SPR

ssPR
ssPr
SSPR
SSPR
SSPR

168
150
160
170

190
200
t10
220
230
260
2350
260
270
280

300
310
320
330
340
350
360
370
380
390
400
410
420
430
%40
450
4460
470
480
490
500
S10
520
530
540
550
560
570
s80
590
600
610
620
630
640
650
660
670
680




e en, ‘"ﬂ

t1e
120

CT(3,1L)oM0UMS
soTONW
CT(4, 12 )eHOURS

63 70 3%¢

coNTINUE

€ TEST FPOUR: QNOMIP VIBRATION(SSVIB) |
TUS( (ANAXAL ~ANINAR )oK 2o ANINA LRI TV-AMAXAR }/(XTV-1. )

t30
2%

tse
¢

260
7

200

C TIST FIVR:

¢

290
300

e

¢
328

33
B el
350

30

HOURRSTT/60.

085( ( ANAXSL-ANTNG1 )oK S AMTNATRITV-ARANGL )/( ITV-1.)

005.0174%68+7.097
00=.0635948+.1048 !
ASe00( 1, -EXP( =TTue, 8/88))
331 .-

TIME(11,12)sHOURS
CARO/MODULE LEVELS
IF (81, 230,230,348 )
00 TO (240,250,200,270), I1
CT(1,12)5(0.15 )"HOURSHCPHR
0 TO 330
€Tl T2)8(0.13)9HOURS*CPMNR
0 T, 350
CQUIPMENT/SYSTEN LEVELS
CT( 3,212 )sHOURSUCPHA
00 TO 3%0 .
CT(4,12)5HOURSSCPMR
o0 TO 350
CONTINUE

SINE-PIXED VIARATION (SPVIB)

s
3
s
s
3
s3om
s
ssem
8sm
s
sIm
s
ssPe
S
a3
ssPm

sspe
ssPr
s
s
ssPe

TTS( ( AMAXS2-ANTNS2 )oK 2 +AMINSZRITV-AMAXS2 ) /( TTV=1.)
O88¢ (ANMAXS1-ANINSL Jox 1 sAMINS LI TV=-AMAXSL )/(ITV=1.)

MHOURSSTT/¢0. .

. MB9=,419%6+8.620

. 008.00359G+ . 32¢

. RRe00#( ] . ~EXP(~=TTu® 2/88))
”.l.‘m R
TINE( L1, 12 )=HOURS

CARO/MODULE LEVELS
IF (01) 290,290,340
60 TO (300,310,328,330), I
CT(1,12)9(0.15)%H0URSSCPHR
00 TO 330

CTI2,I2)5(0. 15 )PHOURSSCPNRY

60 TO 350
CQUIMENT/SYSTEM LEVELS
CT( 3,12 )sHOURSWCPHR

$0 TO 3%0
CT(4,12)SHOURSSCPHR
90 TQ 350
CT(I1,12)2814HO0URS+AL
CONTINUE
00 340 I=1,MCYC
. MZ2,11,12)s88
IF (HOURS.EQ.0.0) P(T,21,12)%1.0
RETURN
oo

199

93PR
sspR
ssPR
PR
ssPm
SSrw
$SPR
S3PR

490
700
ne
720
730
780
730
760
770
780
790
800
810
020
830
860
830
860
870
880
89%¢0
%900
9o
9270
30
”*%0
950
%0
70
980
990

S3PR1000
SSPR1010
ssPR1020
SSPR1030
SSPR1040
3SPR1050
33PR1060
SSPP1070
33PR1080
SSPR1090
ssPR1100
3SPR1110
. 83PR1120
33PR1130
S3PR1160
3SPR1150
33PP1160
$SPR1170
s3PR1180
$3PR1190
$3PR1200
srri210
$SPR1220
$SPR1230




10

20
30

50

60
70

100
110

120

SUBRUUTINE REPORT (MNCYC,Ny ISCR,POEP,0IN,ADEF ,CPHR,P,F,R]1,R2,CT,CREM)
IR1,CRE,IAPRAY,AL,B1,ITV, TCHIN, TSHAX,NPARTS, XNOP, XLAMPL , XLAMPZ , XLAMREPO
TC1 o XLAMCZ , X s APMAX11 o AMINLIL ) AMAX12 , AMINLIE , AMAX21 , AMIN2] , AMAX22 , AMINZREPO
329 AMAXTS ) AMINZ 39 AMAXZS ) AMIN2G ) AMAX 3L » AIIN3L , AMAXS2 , AMIN32 , AMAXGL , AREPO

GMING]L AMAXAZ , AHINGZ , AMAXS] ) AMINSL , AMAXS2 , AMINS2 )
REAL LCOST(S)

DIMENSION AMAX11(3), AMINLI1(3), AMAX12(3), AMINLI2(3), ArAX21(3), AREPO

ININ21(3), AMAX22(3), AMIN22(3), AMAXZI(3), AMIN23(3), AMAX24(3},
2NINRG(3), AMAXIL(3), AMINILIZ), AMAX32(3), AMIN3Z2(3), AMAXG1(3),
IMINGLI3), AMAXG2133, AMINAZ(3), AMAXS1(3), AMINSL(3), AMAXS2(3),

AMINS2(3)
OIMENSION NP(S,5,5), N(S), P(11,4,5), F(11,6,8), ISCR(3),

1R1(11,4,5), R2(11,4,5), CR1(S,5), CR2(S,5), CT(5,5), SCOST(S,8),

2TESTIS), IR(S), IARRAY(20), ANP(S,S5,5), ADEF(S), TIME(3,S),
*X111,4,5) .
REWINDG 10

DATA NP/125%1/ o Lo o

DATA LCOST/S»0./ e e
OATA TEST/'CT *,'CYT *,'RVIB’, 'SSVB', 'SFVB‘/ e
OATA ANP/125%0./ L
I=0 e e T

00 130 Iis1,M . B e

00 130 1221,5 . . B

READ (10,%) A1,81 oo

Is1e2 : L T

IR(1)SIARRAYIT)

G0 TO (10,80,77,10,10° I2 e

NP(I1,12,1)3TARRAY(I) . P ST
GG TO 120 .
00 40 X=2,3 R .
IR(K)I=MOD( IR(K~-1),ITVeu(3-K)) FE
IF (IRI(KX-1)) 30,30,20

NP(I1,12,0-K)SINT(PLOATUIR(K~1) )/IFLOATIITV) )ou(3-K)¢,.999999)
60 TO 40 e i

NP(I1,I2,4-K)8ITV o . .

CONTTNUE R y
G0 T0120 L S

00 70 K=2,4 N
IR(K)ISMOD( IR(K=-1),ITVHR(4-K))
IF (IR(K-1)) 60,60,50

NP(I1,12,5-K)SINT(FLOAT(IR(K=1) )/( FLOAT(ITV) )% (4=K )+ . 999999)
60 TO 70 . e o

NP(I1,12,5-K)=2ITV ' o U
COMTINUE o
GO0 TO 120 . . o

00 110 K22,5 _ L

IN(K)ZM00( IR(K=1), ITVNS(S-K) )
IF (IR(K-1)} 100,100,90

NP(11,12,6-K)SINT(FLOATIIN(K~1) )/(FLOAT(ITV) )Wu(S-K)+.999999)
80 TO 110 ., .
HP(11,12,6-K)2ITV L

CONTTMUE o P
. 60 TO 120

AREPQ
AREPQ
AREPO
REPO
atPro
REPO
REPO
REPO

REPO
REPO
REPO
REPO

. REPO
- REPO

REPO
REPO
REPO
REPO
REPO
REPO
REPO

_ REPO

REPO
REPO
REPO
REPO
REPO
REPO
REPO

REPO
REPO
REPO
REPO
REPO

.. REPO
. REPO

REPO
REPO
REPO
REPO

. REPO

10
20
30
“0
50
60
70
.1
9%
100
110
120
130
140
148
150
160
170 |
180
190
200
220
230
240
50
260
270
280
290
300
310
320
330
340
3s0
360
370
380
3%
400
410
420
430
440
450
4460
470
480
490
500
510
520
530

CALL SSPROB (NP(I1,I2,1),NP(I1,12,2),NP(I1,12,3),NP(11,12,4),11,L2REPO 560
1,PINCYC,CT»AL,B81,ITV,HOURS,CPHR, TIME, AMAX11( 1), AMINI1(I1),AMAX12(REPO S50

200




130

140

1s0
160
170
100
19

200
210

2I1),AMTHIZ(T1), AMAX2I(T2 ), AMINSLI( 11 ) AMAX22( I1) ,ANINZ2( 11 ), AMAX2I(REPO

. 313D 0ANINZ3I(T1),AMAX24( 21 ) ANIN24( I1 ), AMAX3L( I1),ANINSL(I1 ), AHAX32(REPO

X1, AMIN3I2(I1),AMAXALET ) ANINGL(I1) ) AMAXGLZTI1 ) AMINGZ( I1 ) »AAXS1IREPO
. 311),AMINS1(I1),AMAXS2(I1),AMINS2(IY)) . ... REPO
CONTINUE REPO

CALL SCREEN (NCYC,M,N,PDEP,DIN,ADEP,P,F,R1,R2,CT,CR1,CR2,S, 3, FCOSREPO

T BB 7T g AT S

560
57¢
580
$90
600
610

1T,11+22,3COST, TCHIN, 1.0, TIME,NPARTS, XNOP, XLANPL , XLAMP2 , XLAHCL . XLAMREPO 620
2€2,X) e . e e ... REPC 630
. 00 140 Ils1,n e e .. REPO 640
00 140 I2%1,5 e REPO 650
LCOST(I1)=LCOSTIZ)eSCOSTIIL,Z2) oo wrwerwr REPO 660
reso T REPO 670
WRITE (6,260) S REPO 680
00 250 Ils1,n o "7 nepo 690
ANP(T1,4,1)%( (LARAXOL( 21 )-ANINAL( I1) IONP(T1,4,1 )sAMINAL( I1 InTTV-AMAREPO 700
X1 T2 1/ LTV-1.) ‘ _ mEPO 710
ANPOT1,151)%0 (AMAXI1( I J=AMINILOIY ) I9NP( T1,1,1 )4AMINIL( I1 JITV-AMAREPO 720
1X12(I1) 20 ITV-1.) REPO 730
ANPUTI 152080 CAMAX12( 11 )-AMINI 21 1) I0NP( 21,1 ,2 ) s AMINIZ( I1 IRITV-AMAREPO 760
IXI2(T1I/CTTV-1.) REPO 730
ANP(I1,8,1)3( (AMAXS1(T1)-AMINS1(T1 ) )SNB(11,5,1 oANINS1( I1)#ITV-AMAREPC 760
1XS( I IZ(ITV=1.) _ REPO 770
ANP(T1,5,2)%( ( AMAXSZ( T2 }~AMINSZ(T1 ) IWNP(11,5,2)+ANINS2( I1 )RITV-ANAREPO 780
IXS2(I1))1/(1TV-1.) REPO 790
ANP(T1,2,1)8¢ (AMAX21(T1)-ANINZ1(T1))NP(T1,2,1)4ANINSL(I1 )SITV-AMAREPO 800
1IX21(I1)1201TV=1.) o , REFO 810
ANP(I1,202)80 CAMAX22( 12, -ANINZZ(I1) )WNP(11,2,2 }oANINSZ( I1 }TTV-AMAREPO 820
1X22(X10)/(ITV=1.) A A nePo 830
ANP(TY,2,3)%( (AMAXZ3( 21 )-AMINZS(IL) IONP1 11,2, 314ANINZS( I1 )WITV=-AMAREPO 840
IX23012)1/0TTV-1.) REPO 850
ANP(11,2,8)5( ( AMAXZ4{ 11 1-AMIN24(T1}IWNP( I1,2,4 ) 0ANINSS( I1 ISTTV-AMAREPO 860
IXZM(ILI 120 ITV-1.) _ REPO 870
ANP(T1,3,1 )30 ( ANAXSL( T1)=AMINS1IT1) I9HP( T1, 3,1 JeANINSL( I1 ) ITV-AMAREPO 880
1X32( 131 2/(ITV-2. ) REPO 890
ANPUT1,3,2)%( (AMAXS2( 11 )~-ANTN32( 21 ) )oNP( I1,3,2 JoANINS2Z( I1 JSITV-AMAREPO 500
1X32(11)1/(ITV-1.) REPO 910
ANPOT1,8,2)3( (AMAXGZ( I11-AMING2(T1) 1WNP{T1,4,2 )sANINAZ( I1 )STTV-AMAREPO 920
1X42(11))/(1TV-1,) o L AEPO 930
KTTe2 . . ST nevo 90
IF (ISCR(11).£Q.2) KTT*e o L . Repo 950
WAITE (13,8) ANP(IL,ISCROI1),XYTY 0 ot NEPO 960
00 250 12%1,8 o o ST T pepo eTe
80 T0 1150,160,170,280,198), 12 _ o C.. nepo seo
IF (ANP(11,1,2).Q,00 6070 200 77T T sepn g9
G0 TO 220 T T nepolooe
IF (ANP(11,2,3).£Q.0) GO TO 200 T fEPO1010
60 T0 220 o o , REPO2020
IF (AMP(11,3,2).£9.0) GO TO 200 , . mePo1030
€0 TO 220 o o . . MEPO1040
IF (ANP(11,4,1).£9.0) 60 TO 200 ST " mepol0S0
€0 TO 220 U o . REPO1060
IF (ANP(11,5,1).£9.0) GO TO 200 ) 7 mesoro7e
60 TO 220 , , o _ REPO1080
0O 210 K21, o i . " nesoleso
ANP(11,12.K)20. S " mepoll00

201

-

-y




230

200
280

70
280
2%

10
20

50
60

100

_IF (31-1Q) 260,240,230 L e . . REPO1110

MRITE (6,270) I1,LCOST(I1) Lo #EPO1120
IF (ISCR(I1).NE.I2) GO YO 250 S REPO1130
MRITE (6,280) I2,TEST(I2),(ANP(I1,12,K),K21,4),SCOST(I1,I2) REPO1140
1o 11 A o , o REPO1150
WRITE (6,290) PCOST T, REPO1160
DEBUG SUBCHK . REPO1170
RETURN o REPO1180

REPD1150

FORMAT (IX///7///777//29%,'T £ ST D ESCRIPTION/IMN, PARREPO1200
TAMETER VALUE'/10X, TEST SEQUENCE®,S5X, *TYPE®,2X,'NO. 1°,2X,°'NO. 2',REPO1210

22X+ *NO. 3°,2X,'NO. 4°,2X, "TOTAL COST'»'($)°/7X,66("'_'1//) REPO1220
FORMAT (° *,8X, 'LEVEL',2X,'NO. ',12,39%X,F12.0) REPO1230
FORMAT (°* *,12X,'TEST NO. ',I2,3X,A4,1X,4F7.2,F12.0) REPO1240
PORMAT (¢ *,7X,071°_*)//7° *,8X%,'TOTAL',' COST',41X,'$°,P12.0//° *,REPO1250
161X, 320° _* )1/ *Hh61Xs12(°_')) ) . . REPO1260
END REPO1270

SUBROUTINE DATA (NCYC,M,POEF,CREQD,E,ITV,N,ADEF,CPHR.P,F,R1,R2,CRIDATA 10
1,CR2,XMTOF, LEVEL, ITYP, AMAX1IY, AMINL 1, AMAX12,, AMINL2 , AMAX2Y , AMINZ1, AMDATA 20
SAX22, AMIN22 ) AMAX2S, AMIN23, AMAX24, AMIN2G, AMAX31 ) AMIN3L , AMAX32,AMIN3DATA 30
32,AHANGL ; AMINGL, AMAXG2 , AMING2 , ANAXS] , AMINS] , AMAXS2 ) ANINS2 ,NPARTS) DATA 40

ODIMENSION N(S), ADEF(5), P(11,4,5), F11l1,4,5), R1(11,4,5), DATA SO
1 CR1(5,8), CR2(S,5), AMAX11(3), AMINIL(3), AMAX12(3), AMINI2(3), AOATA 60
2MAX2113), AMIN21(3), AMAX22(3), AMIN22(3), AMAX23(3), AMIN23(3), ADATA 70
JHMAXZO(3)y AMINZG(3), AMAX3L(3), AMINIL(3), AMAX32(3), AMIN32(3), ADATA 80
GHAXSL(3), AMINGL(Z), AMAXSG2(3), AMIMG2(3), AMAXS1(3), AMINS1(3), ADATA 90

SMAXS2(3), AMINS2(3)..2011,4,0 _ DATA 100
READ (4,%) NCYC,M,NPARTS,CREQD.E,ITV,)XIMTRF,CPHR o ) DATA 110
READ (4,w,END=20) POEF OATA 120
IF (PDEF) 10,10,20 _ R DATA 130
POEF20. 001NPARTS , o DATA 140
G0 T0 30 _ : . OATA 150
POEPSPOEFSNPARTS o o " DATA 160
00 60 Is1,n v e _DATA 170
READ (4,#,TM0340) ADEF(I) o . ... _DATA 180
IF (ADEF(I)) 40,40,50 ) T T DATA 190
ADEF(T )% . 00S*NPARTS o ... .. _DATA 200
60 T0 40 . , o " paATA 210
ADEF( 1)3ADEF( I )#NPART o _ o . DATA 220
CONTINUE . . DATA 230
WARITE 16,470} _ S .7 DATA 240
READ (S,») ITABLE , _ DATA 250
IF (ITABLE.LT.1) GO TO 90 , ) o . DATA 260
WRITE (6,500) ) _ . DATA 270
IF (CREOD.GE.9.E9) GO TO 70 _ " DATA 280
MRITE (6,520) NPARTS,M,POEF,CREQD,XNMTBF N DATA 290
€0 TO 80 . o OATA 300
WAITE (6,480) NPARTS,M,POEF . o DATA 310
MATTE (6.510) ) DATA 320
WRITE (6,530) (I,ADEF(Z),I31,M) . DATA 330
00 140 Il3l.n o o DATA 340
00 140 I271,8 _ ) DATA 330
READ (11,#,£M03100) P(1,11,12) , DATA 360
IF (P(1,I1,12)) 100,100,220 DATA 370
00 116 I=1,NCYC . DATA 380

202
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110 POILIXI2I8R.0 e S e ... DATA
120 00 130 I8L,MCYC . e DATA
130 POTLILX2)8PL,I,22) OATA
180 CONTINUE e DATA
00 190 I181,0 e DATA

00 190 I2%1,8 e DATA

READ (8,%,EN08180) P(1,I1,12) . LTI oTiTtT DATA

IF (FO1.X1,220) 150,180,270 DATA

150 00 160 Is1,MCYC = e DATA
P(I,1,12080,0 L. S, BATA
PULa2,32)%0.0 e DATA
DN 3.220%0.0 e BATA
160 PULAI20%0.0 e e BATA
ST e DATA

170 DO 180 IsiNCYC OATA
180 POX,IN,X208PUL,12,12) DATA
190 CONTINUE L e e DATA
00 2% Ilsa,0 . . DATA

00 290 1271,5 . ) e DATA

READ (9,%,END=200) R1(1,T1,I2),R2(1,33,22) . . ... . ... DATA

IP (M1(1,11,12)) 200,200,220 ..o DATA

S00 DO 210 IWMLNCYC OATA
210 RUXLIY,X2)®0.8 T DATA
L 8QT0OR0 DATA
220 0O 230 I=1,MCYC e e DATA
230 RI(I,I1,I2)sM1(1,X1,220 0 ottt DATA
260 IF (R211,11,12)) 280,280,270 oot T OATA
250 DO 260 ISl,NCYC DATA
2600 RAI,ILKIMG.S T DATA
L 8TOY DATA
270 0O 280 Isi,NCYC DATA
280  m2(I,I1.I2)sR2(1.X1,22) 0 o ten ottt DATA
2%  CoNTINUE 0ATA
00 430 I1=, ¢ DATA

00 #30 291,38 o ettt DATA

READ (4,»,ENOs300) B2,88 o DATA

_IF (B2) 300,300,380 0 oo DATA

306 GO TO (310,320,330,340), I3 DATA
310 cmiu3,l2)s0,0 00 oo DATA
s YO 3O DATA

320 emue.I2%0.0 000 ot DATA
8T DATA
330 CR1(3,12)%0.0 DATA
§@ YOO . DATA

340 CRI(e,I29%0.0 DATA
.00 TO 380 DATA
<358  CR1(I1,12)382 DATA
30 I (B3) 370,370,620 T~ DATA
37 G0 10 (MO.!”-“Q.QIM. 11 DATA
380 CR2(l.I2)%88, - DATA
80 TO &30 DATA

3% CcRe212z,I2)e3¢0. DATA
S0 TO 430 DATA

400 CR2(3,12)299%0, DATA

203

L. R

3%
400
410
420
430

450
460
470
480
490
500
s10
520
$30
540
550
S840
870
S80
$90
600
410
620
630
660
650
460
670
630
690
700
710
720
730
740
7%0
760
770
7080
790
800
810
820
830
840
aso
860
870
880
890
900
o
920
930




N

e e

410

420
430

440

450

60 TO 430

CR2(4,12)20.0

60 TO &30

CR2(I11,12)383

CONTINUE

IP (ITABLE.LT.1) GO TO 440
HRITE (48,5400

HRITE (6,490) (J4CR2(J,1),J%1,M)
00 450 I=1,CYC

00 450 Jsi .

NJsN( J)

00 450 K31,M4
FEX)JeK13P(1,J,K)
RU(I,JsX)3R1(1,J.K)
R2(1,J,K)2R2(1,J,K)

00 460 IZ31,M

TEST ONE: CONSTANT TEMPERATURE

READ (12,%) AMAX11(I2),AMIN12(I2)
READ (12,%) AMAX12(1IZ),AMIN12(I2)

C TEST TWO: CYCLED TEMPERATURE

READ (12,#) AMAX21(IZ),AMIN21(IZ)
READ (12%) AMAX22(IZ),AMIN22(1Z)
READ (12,%) AMAX23(1Z),AMIN23(12)
READ (12.%) AMAX24(IZ),AMIN24(T2)

C TEST THREE: RANOOM VIBRATICN

READ (12,#) AMAX31(IZ),AMIMG1(IZ)
READ (12,%) AMAX32(IZ), AN 132(12°

C TEST FOUR: SINE-SWEEP VIBRATION

READ (12,%) AMAXAL(IZ),AMINGL(IZ)
READ (12,%) AMAXA2(IZ),AMING2(I2)

C TEST FIVE: SINE-FIXED VIBRATION

460

479
480

490
sc0

510

s20
<530

READ (12,%) AMAXS1(IZ),AMINSI(IZ)
READ (12,#) AMAXS2(IZ),ANMINS2(1Z)
CONTINUE

RETUPN

FORMAT (SX//5X,*IF YOU MISH A TABLE OF INPUTS ENTER 1, IF NOT,',’*

1ENTER ZERO:')

FORMAT (* *,5X,17,5X,11,4X,F13.0,12X, 'NA*, 13X, 'NA*')

FCRMAT (17X, °LEVEL',13,30X,F10.0)

DATA 940
DATA 930
DATA %0
0ATA 970
OATA %80
DATA 990
DATA1000
DATAlO010
DATAl020
DATAl020
DATAL040
DATA1050
DATA1060
DATAl070
DATALlOA0
DATAl090
DATAl100
DATALl10
DATALL20
DATAl130
DATALl160
DATA1150
DATAl160
DATAL170
DATAL180
DATAL190
DATA1200
DATAL210
0ATAL1229
DATA1230
DATAL1240
DATAL250
DATAL250
DATAl1270
DATA1280
DATAl29¢C
DATA1300
DATA1310
DATA1320
DATA1330

PORMAT (1IX//7///7//730X,' PROGRAM DATA'/® *,80(°'_*1/° *',7X, 'NPARTS®,30ATA1340
1Xs ‘LEVELS® 33X, ' { PDEF X NPARTS)®,6X, 'CREGD’ ,10X, 'MTBF'/* *,80(°~')/DATALISC

2/

DATAL350

FORMAT (1X////33X,° ASSEMBLY DATA'/° *,80(°_')/° *',8X, 'ASSEMBLY LDATAL37O
1EVEL' »2X, " * 42X, ‘EXPECTED NUMBER OF ASSEMBLY DEFECTS'/® *,8X,14(°' _0ATA1380

2°1,5%,380°_* 1/7)

FORMAT (* *,5X,I7+8X,I1,4X,PF13.0,2X,F13.2,5X,2X,F13.0)

FOPMAT (° ',11X,12,27X,F9.0)
Mo

SUBROUTINE MEAN (XN, XLAMS ,XNP,T,0MSS,FALL)

IF (OMSS.GT.0.99%) GO TO 10
IF (T.L£.1.2-9) GO TO 10
AQEXNWXLAMS

ALZXNP

204

" FORMAT (1X////735X,' REKORK ','COST */* '88C0° W)

DATA1390
DATAl400
DATAl410
DATAl420
DATALA30
MEAM 10
MEAN 20
MEAN 30

 MEAN 40

MEAN 350




e

LA e e

ie
20

o N s s s~

AKS=-ALO8! ONSS )/ ( XLAMBT)

AZRRKSXLAMS e e e e e

PALLEAURTIALS(1.-EXP(-AZ®TY)
60 T0 20 o

FALL®0.0 .. C e e e
RETURN R S e s
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10

20

30

49
S0

40

-~

OIMEMSICN AREF(5), ISCR(3), TIME(3), TS(3), COME(3), ON(3), PPALLIMAIN
TV, MTALLI3), AFALLIS), APPALLI3), ANPALLIZ), F(3), MARK(3), MAZKPMAIN
P3LI3), WBLI3), BUI3), PBUI3), WBUIS), TS1(3), AT(3),MAIN

Z&.(}).

2Ly, P

3 ant0FL7,7),
FLaGz20.0
NE2D (2,4) ISCA,M,NPAOTYS,POLF,ADEF

READ (13,80 (03P, XLAMPY, XLAMP2, XLAMCL  XLAMC2

FREN(T?), WREM(T)

!.D (13.#) TINZ.AT
220 (2,4) TS(1),7TS(2),T8(3)

0010

T8(1)21,.-TS(D)

11,3

T3 I)=278( 1) BN
cenTINUE .
RZAD (2,#) COME(1),COIE(2),COME(3)

RE*0
wnITE

(6,260)

(2,#) CNUL) QNO2),CHO3), PLEFT

CUISICU 3)-PLEFT)

go 20

PAENINK)S(AMAXLO. PLEFT-4. sFLOATIKK) })

0029

K¥s1,?

resl,?

IMEMIKLISAMAXLL 0. O3 ~4., ¢FLOATIKL)) o
ANMTIF (LKL IZOROP-RIENIKL ) 1nXLANCT +( FLOATI NPASTS ) -PREM KK ) J9XLANPHMATN

1140NENIKL 15X LAMC2 4 PAEM( KK ) 9XLAHP2

ANTEF(EX ,XL)=1 . /RMTOF (KK ,KL)
coMTINE
GRNITE (6,270) KREM
30 3% K«=21,?

ISTITE (6,280) PREMIKK),(AMTBF(XK,KL),KL21,7)

KITE

(6,270)

RE2D (S,%) IMTER

IF (INTER.GT.0) GC TO 40
PER=.99
GO TO S0

LITE

NEAD (S,0) PER

ITE

14,390)
(6,310}

€9 60 K=1,3

fFXIsCe. g

cenTIye
PFALLIL)I2IFIX( (PDEF%(COME(])-ON(1)) 1/COME(L))
SEALLI1)2CCIE(L)-0M01)-PRALLIY)
PEALLI2)ZIZIXI (FOEF-FFALL(1) Iw(CONE(2)-0M(2))/CE(2))
LEALLL)CTE
FFALL(O3I3TPIX( (POEF-PFALLIL)=PFALLI2) )B(CCIEN3)-0%( 31 )/COMEL3))

TALLI3)TCOMEI 3)-CHI 3)-PFALL(S) .
’F (FLAS.GT.0.0) PLEFT=POEF-PFALLI1)-PFALLIZ)-PFALL(S)
RLEFT=0M(3)-PLEFT

“NITE
IT

WITE
LDITE

(6,320)
16,3301
(5,320
16,380)

(K)=0N(K)

12)-0002)-PFALLI2)Y

$ITE (643490 NPARTS,ACEF(1),A0EF(2),A0EF(3),PLEFT

I?.IT!
DITE

(6,370)
(46,380)

MAIN
MAIN
MAIN
MAIN
HAIN

. HAIN

MAIN
MAIN
MAIN
HAIN
MAIN

. MAIN
_MAIN

BAIN

. MAIN
. MAIN

HAIN
HAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
NAIN
MAIN
HAIN
MAIN
RAIN
MAIN
MAIN

1.

20

30

40

50

60

T

40

9%
100
110
120
130
140
150
160
170
180
190
200
210
220
230
260
280
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
630
@40
450
460
470
4«80
490
500
810
520
330
540

2. ITSF 2 XHOP-WLEFT )8XLAICI#( FLOATINPARTS ) -PLEFT ) SXLAMPL SULEF TUXLAMCHAIN 550
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- ? - -
i
: 3
80
90
129
110

. J2ePLEFTWXLANPR

CKRITE.

CumrTe

. 1),8U(3)

CWRITE (6,440)

RMTBF 21, /RMTEF
WRITE (6,340)
16,400)
(6,410)
(6,340)
(6,320)
(6,420)
(6,420)
(6,430}
(6,440)
(6,460)
(6,450)
(6,470)
(6,460)
KRITE (6,430)
oc 80 fy«1,3
CALL BOLD (P(1J),20:1J),B (2J),PER)

TR
ITE
RITE
KRITE

mrTe
ITE
ITE
1DITE
KIITE
KRITE

. CALL BOL™D (PFALLIIJ),P3LIIJ),PBULLJ),FER) |
SLITJI),KBU(IJI),PER) |

CALL BIUND (LFALLITI),N
couTIIUE

IMITE (6,4490) PFALLII),HFALLI1),F(1),PFALLIZ) WPALLI2),F(2),PFALLIMAIN
MAIN

131, 3FALLLS Y, F(3)
NITE (6,460)
IRNITE (6,520)
LRITE (6.510)
SNITE (6,460)
KIITE (6,490)
KRITE (6+460)
ITE (6,500)
LRITE (4,513)
$IATE (64450)
LRITE (4,493)

T1.8L(3)
BRITE (6,460)

If (FLA5.6T.0.0) 60 TO 180
€2 10 90

CALL INT (XNOP,NPARTS,PLEFT,ON(3),XLAMPY ,XLAMPZ , XLAMCL , XLAMC2 ) |

INITE (6,530)

RELD (S5.%) IADAPT

IF (1ADAPT.LT.1) GO TO 220
LRITE (4,540) _
READ (S,#) IFALL .
IF (IFALL.GT.0) GO TO 120
IIITE (6,550) -
REZD (S,#) AFALL{1),AFALL(Z),AFALL(3)
1CUs=0

£2 110 Is1,3

MARY(T )20 o

If (AFALL(T).LT.BLIT)) MARK(I)=1
coNTIMIE
PARKTSRK (1 J4HARK( 2 1oMARK( 3)

209

MITE (6,390) POEF,TS(1),TS(2),TS(3),uLeFr -

PBLI1).KBLI1),BLIT),PBLIZ),HBLI2),8L12),PBLI3),NBLI IHAIN

. MAIN

 MAIN

| MAIN

.. MAIN
. MAIN

RAIN

T MAIN

" MAIN
MAIN
MAIN
MAIN
MAIN
9%0

MAIN1GOQO
MAIN1010O

. MAIM1020
. MAIN1030
. MATNi0GO

MAIN10SO

" MAIN1060

.. MAIN1070
. HAIN10SO
. MAIN1O90C

MAIN1100O




IF (tPARKT.EQ.0).AND, (ICUE.ST.0)) GO TO 140
IP (MARKT.LE.O) GO 70 240

. CALL NUPLOA (MARK,COME,ON, TS.MALL.F.YM.M.”AITSI

120

138

140

140
170

FLAGSL.0

WALTE (4,560) -
GO0 T0 70 .
IAITE (4,570)
IF0

00 130 I=1.3
KALTE (6.330) T .
READ (S,») APFALLII)AWFALLIT)
APALLIT)SAPPALLIY Do ANPALLLT) |
CONTINUE

IcuEs=]

GG TO 100

00 170 121,3

IF (APPALL(I).GE.PBLII)) GO TO 150
PEALLII)®APPALLII)

HFALLI T )3aMPALLI D)

MARYFI( T )81 o
IF (ANFALL(I).GE.KBLII)) GO TO 160
KEALLUT)SARPALLIT)

PEALLITISAPFALLIT)

RARKPA( T )21
APALLIT)ZPFALLIIVOMFALLITY |

CONTINVE

IPU=MAQYPH 1 )+ MARKPHE 2 ) MARKFH( 3 )

" IF 1IP4.£Q.0) GO TO 240

190
2c0

210
220

230

CALL NUFLGY (MARKPI,COME,ON, TS, AFALL,P, TINE, XLANFL NPARTS
FLAC21.0

ITE (6,560)

GO TO 70

IF (IP4.LT.1) G0 TO 200

00 190 J=21,3

AR ( J I=MARKPU( J)

CONTIMUE

CO 210 Js1,3

IF (MARK(J).LT.1) GO TO 210
CALL SOLVE (J,ISCR,TS,TS1,AT)
SCHTINUE

HITE (6,590)

READ (S,#) IEQ

IF (1E2.LT7.1) GO TO 230

CALL ECUIV (I2Q)

INITE 16,253)

READ (85,%) ICUMF

IF (ICLP.LT.1) GO TO 260
WP 2)4A02F(3)

CALL FTIME (NPARTS,XLAMPY, XNP,TS(3),TIME(S))
sT0P

" MAIN1310

_ MAIN1320

. MAIN1330
" MAIN1340

MAIN13S0
MAIN1360

_ MAIN1370

MAIN1380
MAIN1390
MAIN14OO

. MAIN1410

MAIN1420
MAIN1430
MAIN1440
MAIN16SO
MAIN1460
MAIN1470
MAIN1480

. MATIN1490

MAIN1SOO
HAIN1S10
MAINLSZO0
MAIN1S30
MAIN1S4O
MAINISSO
MAINISSO
MAIN1S70
MAIN1SSO
MAIN1590
MAIN160O
HAIN1610
MAIN1620

FORMAT (1X/8Y,'IF YCY HAVE TIMES TO FAILURE POR LEVEL IIX',* ENTERMAIN163O

1 1.'767, 1F 137, ENTEZR 2ENO:°)

MAIN164O

FORMAT (21X///.°//7/720X%, ' INSTANTANECUS MTEF PCR? REMAINING'/23X,° FLAMMAINIGS5Q
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270

280 .

2%

318

320

330

e
350

360

370
380

390

e
410
420

430

a8

440
470
420
490
580
510
520
530

540

£40
570

3
559

IS AT cND OF SCREENING'///28X,*' WORKMANSNIP*) MALN1660
FCAMAT (1X,' PARTS |*,714X,FS.01/1X,72( =) =~  MAINLN670
POMAT (1X,F7.0,1X,' )%, 7(4X,F5.0}) MAIN1680
PORMAT (1X/////754,'IF YOU WISH A .99 PROBABILITY INTEPVAL, ENTER'MATN1690

1, ZERO'/SX,'IF YOU NISH TO ENTER A SMALLER FRCSABSILITY (FOR’,’ A MAINL700
2NARROUER IMTERVAL)'/SX, 'EHTER CHE:*) o . MAIN1710
FCMAY (SX, 'ENTER PROJASILITY DESIRED:®) L MAIN1720
PORMAT (///77777/725X%, ' STRESS SCREENING FLOW OIAGRAM'//) MAIN1730
FORMAT (1X,5(12(*=*),3X)) MAIN1740
FOTMAT (1X,°'| IMCOMING 1°,3X,'] LEVEL 1 1°,3%,'1 LEVEL 2 |',3X,'MAINL7SO
30 LEVEL 3 [',3%,'t ouTGOING {*) o ) MAIN1750

CFORMAT (1X.S('1°,10%,'1°,3X)) HAINL770
FORMAT (1X,'18PARTS: |, 3¢, 30 |ADEF= *,4%,"|*,3X),* |DEF P REM:| ‘MAINL730

v i N , S HMAIN1790
FOTMAT (1%, ") * 220,01 ,3%X, 301 ,#10.0,°)',3X),'1*,F10.0,°'1*) . MAIN1d00
FCRMAT (1X,4("§',10X, ' 1==>'),}*,10%,"'|"*) - MAIN1B10
FOMAT (1X,* |2DEFECTS: |*,3X,3('|Tss 103%),¢ 10, DEF W REM: {MAIN1S20

1) . i o , i MAIN1830
FORMAT (1X,'[°,F10.0,'1*,3%,3(*!*,F10.3,°1°,3X),*1',r10.0,'(*) MATIHN1E40
FOMMAT (1%,°1°,10%,1',3X,30 " |{DEF PASSED}*,3X), ' IMTRBE: 1) MAIN1250
FORMAT (1X,°1°,10%,°[",3%X,4¢°1',F20.0,"1*,3X) MAT11260
FCRMAT (21X.30°0%,26X))Y ... mamM1870
FCOOMAT (21X,30°'V*,14X)) L . U 7§ ¢} U1
FCRMAT (15X,3(16(°=*),1X)) L . MATMN1390
FONMAT (1SX,3('| eExXPECTED [°',1X)) S MAIN1$00
FORMAT (1SX,3(°1%,12%,'1*,1X)) ) L MAIN1910
FCUHAT (15X,3(°1} BALLOUT: |',1x)) o MAINI 920
FCAMAT (1SX,3(*1 PRT WXM TOTI*,1X)) . ... wnamsso

CFORMAT (15X, 3(°*f*,3(Fe.01,'{"',1X)) ... mam1%40
FORMAT (15X,3(°'1LC:® €0 FCR{‘,1X)) o .. ... MAIN19SO
FORIAT (15%,3( €38 FALLOUT:!',1X)) L . MAIM1960

. FCRMAT (15X, 3(*1UPFR BND FCRI®,1X)) MAIN1970

FOTMAT (1X//7/5%,'1F YOU HAVE FALLOUT MAETERS ENTER 1. IF HOT*,', MAIN1980

T 1ENTER ZERO:*) MAIN1990

FOTMAT (5X,'IF YOU HAVE SEPARATE FALLOUT FOR PARTS AMD *,'LCRKMANSMAIN2000

. IHIP ENTER OME‘/SX,'IF YOU NAVE TOTAL SALLOUT CLY AT',' !ACN LEVELMAINZOL0

2, ENTER 7ERO:*) MAIM20206
FCOMAT (5X,' ENTER THE THREE ACTUAL FALLOUT MAMERS, IN ORDER, *,'MAIMN203C
1BY LEVEL:®) .. MAIN204O
rc:"-“r (1X////7726X, *STRESS SCREENTMNG RESULTS:'///) _ MAINZOZO
MAT (5X,'ENTER, IN GRDER, ACTUAL FALLCJ‘Y"/SX.‘OU! TO . (A)','MAINZ060

1 P.L"TS (B) LOIKMANSHIP, AS PROMPTED: _ o  MATH2070
FCTHAT (5X,'FCR LEVEL',I2,':") v MAIN2020
FORMAT (1X/5X,°IF YOU WISH TO AMALYZE EQUIVALEMT SCREENS ‘', ENTER MAIN2090
1 CME1/6%,'IF NOT, ENTER ZERO:‘) o o MAIN2100
0l . A o . . MAIK2110
SUSNCUTINE BOWD (X.BL,BU,PER) D .. eoum 10
DIMENSICN B(2), PR(2) o o B BOUN 20
IF (X.LE.0.) GO TO 50 o o , BCUM 30
FRA2IS(L, -PERI/Z. oo _ . EOUN 40
PR(1)ZPERWPRI2) o .. soun so
X1z2%X e .. . . o . BOUM 60
. s . . BCUN 70

£O 40 I=1,2 sou 80

CBII)IZ(C(FLOATII-2)#2, 58¥8GAT(2. ) )+SGAT( 2, #2. S8MN2+48X1 ) )/2 002 BOUN 90
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10  IF (B(I).LT7.0.5) GO 10 20 L . 0N 100
CALL MICH (X1,B(1),P,I£R) sow 110
P2P-PR( I} souN 120
8178(1)+0.908 BOUN 130
CALL moCH (x1,81,P1,28@0 . EBOUN 140
P12P1-F(I) BOUN 150
B3I T)=(P»0.008)/(PL-P) O0UN 160
IF (ABSION-8(I)).LE.0.0008) GO TO 30 BOUN 170
8(I)sCH BOUN 180
6o 10 10 a0t 190

2@ etire.0 BOUN 200
€0 TO «0 ) BOUN 210

30 orI)ses o L. nouN 220

48 coTINUE , ] ) . BOUN 230
BLIFLOATCIFIX( {AMAXI(B(1),2.)=2, /2. 1) B0UN 260
Ir (B11).LE.2.4) BL3n, BOUN 250
BUSFLOATIIFIXIBI21/2.40.9)" BOUN 260
IF (BU.LE.0.) 8U=0. . BOUN 270
63 10 /0 BOUN 280

S0 8Lz, _ BOUN 290
eyso. | BOUN 300

0 PETURN " BOUN 31n
L1 T BOUN 320
SUZROUTINE MEAN (N,XLAMSB,XNP,T,0MSS,PALL) MEAN 10
IF (0::38.67.0.999) GO TO 10 MEAN 20
AQOIMIXLAMS HEAN 30
armp  MEAN 40
RK2-ALOSICSS)/IXiar8eTy T  MEAN S0
A22RYBXLAMS NEAN 60
FALLTAONTOAIN( ], ~EXP(-A28YYYY BEAN 70
€0 10 20 e MEAN 80

16 Filix0.0 R D . MEAN 90

20 RETURM i o e ... ... . mEsaM 100
(31] MEAN 110

SUSTOUTINE NUFLOM (MARK,COME,ON, TS, AFALL,F, TINE , XLAMSBL NPARTS ) NUFL 10
DIFELSICH MARKIZ), CCME(3), ON(3), TS(3), AFALLI3), P(3), TIME(3) NUFL 20

cO 10 I=1,1 . e i LA
IF (MARX{I).LT.1) GO TO 10 . e WFL a0
TS(I)=AFALLII)/CONE(T) . . e ... .. .. NUFL 30
10 ceereee .. . NUFL 60
IF (MAX(1).LE.0) GO TO 20 . L. ... WL 70
PLACEZCONE(])#(]. -TS(1)} , T T kL 8o
COME(2)2COME(2)e( PLACE-ON(1)) S NUFL 90
CNI1)2PLACE e ... NUFL 100
FO1)2CCUECL)-ON(1) : R . NUFL 110
20 IF (mt2).LT.1)GO0TO30 O NURL 120
TS12)24FALLI2)/COME(2) . .. NUFL 130
.30 C158=1.-T3(2) ) o NUFL 140
“Li MEAM (HPARTS,XLAM3L,COME(2),TIME(2),0M8S,F(2))  NUFL 150
PLACEZCOIE(2)-F(2) . L . NUFL 180
COME(3)2COME( 3 1o PLACE-OMI2)) o o NUFL 170
CMe 2)ZPLACE L., NurL 180
IF (RARK(3).LT.1) GO TO 40 L NUFL 190
TSI 3)3AFALLL 3)/CCMEL3) . ) o . NUFL 200
3 o15821.-78(3) L. .. WNUFL 210

212




10

213

CALL MEAN (NPARTS,XLAMS],COME(3),TIME(S),0nSS,P(3)) . .. ... .| NUPFL 220
CHIIIZCOMEBISI=PIS) L e MUPL 230
RETUMN PP NUPL 240
;D e L, NUPL 250
SUCROUTINE SOLVE (J,ISCR, TS, TSLATY . ... soLy 10
OINENSION ISCR(3), TS(3), TS1(3), AT(3), PARAM(3.B3.8) . . .. . .| soLy 20
REUIND 12 e e e soLv 30
BO 10 IMS1o3 e SOLY . &0
00 10 KEL,8 e e soLv 5o
olomst,e e v oLy | 60
IF (iX.NE.2).AND.(M.8T.22Y GO TO X0 soL/ 70
READ (12,8) PARAMCINGK M), PARAMIIM,KM) " soLvy 8o
CONTINUE PP Stly %0
00 20 N=1,3 i P SoLy 100
retm2 . e e SoLy 110
IF (ISCRIN).EQ.2) Iotx6 - o soLy 120
PARAN( S, ISCRIND MRIEATINYG T SOLY 130
CCORTINUE e SO0LY 140
ITEO e SoLv 150
CALL F (J,C1,IT,PARAN, TS, TS, ISCR, T1,TVEM) . . . . SOLY 160
ITs) . e S, sSoLv 170
TIZATOIY e e SoLv 180
CCALL F (J,C1,IT,PARAM, TS, TS1,ISCR, TL, TNEWY "7 " SOLY 190
IG=ISCR(J) A S SoLv 200
€O TO (30,40,80,50.80), X6 . oo soLV 210
IF (TNEW.GT.200.) TNEWS260. soLv 220
MRITE (6,700 JLINEW soLv 230
GO TO 60 e SOLV 240
CIF (THEM.GT.40.) TNEM=aO.. SOLV 250
MITE (6,80) J, THEW R P SOLV 260
60 TO é0 P SoLY 270
IF (TNEU.GT.60.) TNEUs¢0, . T . SOLY 280
ITE (6.90) J,TNEW P SOLV 290
COMTINUE . e . SoLy 300
RETUNN e e e SoLV 310
s . SoLv 320

o o .. .. .. soLvy 330

FOTMAT (1X//5X,*INCREASE TIME ON LEVEL',I2,' TO ',F10.2,°' HOURS,')SOLV 340
FCRMAT (1X//5X, ' INCREASE NRBER OF CYCLES ON LEVEL',12,' TO *',F10.30LV 350
12/7) _ , . ) SOLY 360
. POTAT (1X//5X, ' INCREASE TIME ON LEVEL',I2,' TO ',F10.2,°' MINUTES‘'SOLV 370
/7 . . e e SOLV 380
3 - sSOLV 390
SIAROUTINE F (J.C1,IT,PARAN,TS,TS1,ISCR,T1,TNEW) F 18
BIENSIOH PARAM(3,S,4), ISCR(3), TS(3), TSL(3) . . . . . ... r 20
15318Cn ) o . F. 30
CO Y0 (10,50,80,80,80), 16 F 40
IF (1T7.GT.0) 60 TO 20 F S0
TTHESPARAM( J,1,2) F e
ST2TS(J) - . . .F 70
g0 YOG F 80
THZUC CUME ITCRI D), PARAMI JL ISCRI J), 1) InT1nn §)/C1)we2 CF .. 90
BRI T WO F . 100
RIABSI2S.-PARAMI S, 110
OT2ALCS(EXPML. 141, ) r 120




t 4

o

109

110
123

13¢

10

20
30

10

C18(~al0G(1.-5T/.83)/(Rue (uOTuu2, THTTIESS. §) )
RETUIN
IF (17.67.0) GO TO 60 o
NCYZPARAM J. 2,41 » S
$Ta7S(J)
63 10 70

THEUE( (COMIISCRIJ ), PARAN( J, ISCR1 J),1) 10T1e,5),CL )02
RETUAN
REPLAM( I, 2,1 )-PARANC J,2,2)
OTEZALCSIEXP]. VePARAM(J,2,3) )
C13(~ALOSI1. =87/ .85 )/(Rs 4s0TRaZ. TUNCYSS 8]}
LETURN
TEOARIM( I, ISCR D), 2)
STeTS( )
1613701 3)
GO TO 190,90,90,100,110), IG
D=.364%PARAM( J, 3,1 )=.0862
g=0.8
63 10 120
02, 08355PARANI J,4,1 04,1065
€£20.8
€0 T0 120
0%.0635%PADAN( J,5,1 )¢, 324
£20.2
IF (IT7.CT.0) 60 TO 130
Cl2-ALOG(Y, -ST/D)/Tung
RETURN
TMEI((TLOwENCONI TICR(J ), PARAMI J, ISCR( J),1) 1 )/C )un(1./8)
RETURN
LT
FUSTION CON (I,PRRAM)
Coizg. 0923
€O TO 140,40,10,20,30),
COMB( . 2645P#AANS] . 402 )00( <1 )
G TO 40
COMNZ( .0176PARANGT. 097 )80( -1 )
63 TO &0
C3H3(~.4199PAPANGE. 620 1wu(-1)
RETUM
g3
SUSRCUTTME EQUIV (MEQ)
DINENSIC! #(8,3,2), ISCR(2)
LZITE (6.130)
FLAGS0.

LITE (6.140)
REAY (3,%) ISCA(1)
LAITE (6,150)
RELAD (S,») ISCI2)

0O 70 Isl,2 .
69 70 (20,30), ,
IITE (6.160)

MSIZIR(I)

CO TO (40,50,40,40.68), M

214

. EQut

(-3
EQUI
EcuI
EQUI
EQUI
EQUI




30 MRITE (6e170) L gaus
MEISCROI) L e gQux

. 63 TO (40,50,60,60,600, M oo Tt EquUI

40 KRITE (601800 e EQuz
READ (35,#) P(1,1, I).P(loz.l) ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [1- 1) 4
621070 . RO Equl

50 KRITE (6,190) . R ... EQUI
READ (5,#) P(2,1,2),P(2,2,1),P02,3:3) .. . ... .. ... ... EQulz

. G YO 70 . e e gQuI
68 MRITE (6,2000 0 orrtronoonnrnonnnnriT ot gqul
. READ (5,#) P(ISCR(I),1,I),P(ISCR(I),2,I) . . o n EQuI
70 CSMTINUE EGUI
G EQUI
ke R . EqQuz

CALL SSF (ISCR(1).X.,9,X,FLIG,67T8) . .~~~ I 1) ¢
WRITE (6,210 6TS . . L o e e EQUI

K= R ... EQuUI
B R R EQuI
JE8 EQUI

CALL SSF (YSCR(K),K,P,X,FLAG,GTS) =~~~ it eqQul

. IF (FLAG.GT.v.) GO TO 110 = e EQuUI
CEMIISCR2) EQuI

. &0 TO (80,90,100,100,100), ¢ . e EQUI
80 MRITE (6,220) X . €Ul
. . €0 T0 120 R ... EQUI
90 IRITE (6,230 X e ... .. tQur
.. G2 T0 120 e R ... EQUI
160 KITE (6,260) X o . e EQUI
110 PLAS=O. AU 1) {
126 11 (6,250 T T 1) ¢
. REXD (5,#) L e ... EQur
...zru.m'msomlo e ... EQur
., RETLAN U . EQuI
C . EQUI
¢ EQuI
136 FORMAT (1X/1X,°FOLLOMING ARE THE SCREEN EQUATICNS AVAILABLE:'/1X,'EQUI

" 11. CCNSTANT TEMPERATURE'/1X,'2. TEMPERATURE CYCLING'/1X,'3. RANEQUI

200N VIBRATION'/1X,'4. SINE SHEEP VIDRATION'/IX,'S.*',' SINE FIXEDEGUI

450
500
510
520
5830

3 VIBRATION'///) EQUI 540

1640 FOAMAT ux.'mm NUMIER FROM ABGVE LIST CORRESPONDING TO GIVEN ',EQUI 550
 1'STREEN:* S A A 4 EGUI 560
150 FOTMAT (u.'ma MABER FROM ABOVE LIST CORRESPONDING TO ', 'DESIREQUI 570
12D SCREEN:') _ .. .. Ecur sao

160 FONMAT (1X/1X,'ENTER PARAMETERS FOR GIVEN SCREEN:') 2QUI 590
170 FONMAY (1X/1X,'ENTER PARIMETERS FOR DE3IRED SCREEN: '/2X, ENTER ZEREQUI 600
10 FCR PASAMETER TO BE FOUMD:') ‘ _ _ o EQUI 610

180 FOTMAT (1X/1X,'ENTER ADSOLUTE VALUE OF DIFFERENCE BETWEEN',* TEMP EQUI 620
1IN 0EG € A!D 25 DEG £°'/2X,'AND TIME IN HOURS') ECUI 630

190 FORMAT (1X/1X,'ENTER RAMSE IN DEG C'/2X,'TEMP RATE OF CHANGE IN DEEGUI 640
16 C/MIN'/2X,'AN3 KUIDER OF CYCLES') o , . EQUI 450
220 FONMAT (1X/1X,'ENTER G LEVEL AND TIME IN MINUTES®) . EQUT 660
210 FOTMAT (1X/1X,'TEST STRENGTH FOR GIVEN SCREEMz',F7.4) EQUT 670
220 FCRMAT (1X/1X,' PARAMETER IN DESIRED CCHNSTAMT TEMP SCREENs®,F10.1)EQUI 680
233 FCTMAT (1X//1X,'PARAMETER IN DESIRED TEMP CYCLING ','SCREENZ',F10.EGUI 690

1) e tqul
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240
250

10

60

100
110

120

“139

140
158

FORMAT (1X//1X.'PARAMETER FCR OESIRED VIERATION *,°SCREEN=*,F10.311eQUL
PORAAY (1X//7//7/1%,*TF YOU WITH ANOTHER EQUIVALENCY ENTER ONE,*,* IFCUZ
1P NOT, ENTER ZERO:') . . .

8o

SUB0UTINE 37 ( ICUZ,K,P,X,PLAG,GTS
oIINsIC P(8,3,2)

GO TO 110,%0,90,90,931, ICUE

I¥ (X.£0.1) 60 70 30

IF (P(1.1,2).67.0.0) GO TO 20

A%((ALCG().~6TS/.85))/(-.0023#ALOG EXP( 1.001.)1092,788(1,2,2)00.5))

Xzxou(s, /3. )
€7 T0 40

X3((ALOG(1.-6TS/.85))/(~. 0023%ALOGIEXP( Y. Jol.)ne2 Tep(1,1,2108.6})
. XaXna2, . . . ..

RETUN

R=P(1,1,K) .
TI"IQZn“) . .
GTS.850(1. ~EXP(~.0023nA%w, uALOGT EXP( 1.)e1. )982, TuTue 8 ))
AETURN _ , o
IF (K.£Q.1) 60 TO 80

IF (P(2,1,K).67.0.0) GO TO 40
Xt((ALC‘.’pll.-GTS/.QSl)/(-.0023'".03(!)(?(1.)OP'anoK”"!.")
X8 (X/P(2,3,K)u0 8 )00(5./3, ) X
RETLMN

IF (P(2,2,X),67.0.01 63 TO 70

X=(ALOS(1.-GTS/.881/(~.0023%P(2,1,K 198, 65P(2,3.K )08, 8) 1uu(1./2.7)

X2EXPIX)-EXP(1, )
RETURY

X2((ALOG(1.~GTS/.88))/(~.00230AL0%( EXPU1.)eP(2,2,K))nu2,7))

XBO/PI2,1,K) 00 6 )uu2,

RETURN

ReP12,1,K)

l‘.‘:"’(!.!.l) .
DT3ALOSIEXP(1.)eP(2,2,K)) .
cTsa.as-(1.-¢x-¢-.onz:-n--.s-or-z.7-nﬂcv--.sl)
RETURN o
IF IK.2Q.1) 60 TO 100

IF (PIICUE,2,X).67.0.0) GO TO 190
T=P(ICVE,2.X)

$3 T0 ¢110,110,110,120,130), ICUE
83.2569P(ICUE,1.K151.402

0t.144%P( ICUT,1,K)-. 0362

Cz.8

62 YO 140

B=2.21744P(IZUE,1,K)e7.097
02.063542(ICUL,1,K 14,1068

c-.8

GO 10 140

83-.419%P( ICUE,1,X)43.62
D3.0433%5(1C2,1,K)4.324

Cz.2

CO TO (180,182), X

If (GTS.6T D) GO TO 160
X3(-L1ALCS(2.-5T7S/D ) )wn(1. /C)

80 T2 170

216

150

[ 1-33 4
339
ssr
$3r
sSr
3sr
SSF
3¢
ssr
SSF
L1
$s#
SSF
ssr
SSF
ser
ssr
ssr
sse
ssr
S3F
SSF
SSF

SSF

3sF
s
ssr

ne
720
730
740

18

29

30

48

50

60

70

80

0
100
110
120
130
140
150
1é0
170
1&0
199
200
212
220
230
240
250
260

280
290
300
310
320
330
340

350
370
380
390
400
410
423
430
&0
450
440
470
LLE]
492
500
510




~ /,/' -
‘ Al Aot —_ - e e e r oy TR AP AT
§ -
r
160  WRITe (6,230) L e . SSr 820
FLAGEL. e SSF S30
170 ReETUAN e e e e 8SF 540
180 GTS=0%(1.-EXP(-TwwC/B)) S SSF 550
RETURN . R SSF 560
00 xamx. SsF 570
J=0 SSF 580
s 200 XMaX1-(SSFL(ICUE,1.P,X1)-GTS)/SSFL(ICUE,2,PuXY) . . SSF 590
J2Jsl s SSF 600
IF (J.GT.50) GO TO 220 o _SSF 610
IF (ACS(XN-X1).LE.0.008) GO TO 216  ~~ oottt SSF 620
JXAEN SSF 630
CIF (X1.LE.0.) X239 e e . $SF 640
. G TO200 R . 88F 650
210 x=xXM . e e, . SSF 660
.. RETURN e e e e SSF 670
220  WRITE (6,260) e SSF 680
FLAGZL. . L SSF 690 |
... RETUAN e e s SSF 700
€ . BEBUG INIT . SSF . 710
c e e SSF 720
C SSF - 730
236 FCRMAT (1X.'SOLUTION NOT POSSIBLE FOR DESIRED 6 LEVEL.') SSF 740
240  FOMAT (1X, 'SOLUTION CANNOT BE FOUND BY INTERNAL METHOD.'/2X,'TRY SSF 750
1A GRID OF POSSIBLE SOLUTIONS.') . . . ..o SSF 760
L] . s SSF 770
FLCTION SSPL (I0S.L.PWX1) . .. SSF1 10
. DIMCMCION P(S,3,2) A SSF1 20
. ... GO 70 (10,20,30,30,30), I0S . ... .. .. Lo, SsF1 30
10 e S SSF1 40
L RETURN 8SF1 S0
20 RMSYEXL SSPF1 60
L RETCGRAN $SF1 70
38 . | TRPUIBS.2,2) e SSF1 80
_...GO TO (60,40,40,50,40), TOS . Tttt SSF1 50
40 B=.266wX1s1.602 SSF1 100
. 833,266 S . $8F1 110
. 0. 164MX1-.0862 . $SF1 120
LB0R1A4 $SF1 130
.Cs.8 U SSF1 140
.. 8T . 8SF1 150
50, BI.O176WXAeT.097 SSF1 160
CB8B.0176 e . SSF1 170
CD3,0635mX16,1088 SSFl 180
002.0638 $SF1 190
LJOEB $SF1 200
G070 70 e . 88rF1 210
«50  BE-.Al9WX1s8.620 . $SF1 220
.. £33-.419 e $SF1 230
... D®.04338%X1e.326 . 8SF1 240
... DO=.OA3S $SF1 250
. €=.2 . e . SSF1 260
70 IF (L.LT.2) 62 TO 80 . 8371 270
$5F1300-00%EXP( ~TH#C/B ) ~0#( { THIC/BREL INIBBREXP( - THRC/B) ) SSF1 280
. RETURN SSF1 290

217




[ X1X1]

8

[;Xa X2 2]

10

SSF1s08(1.-EXP(=TOOC/B)) . . L e SSF1 300
RETURN e e e Ssr1 310
L] SSF1 320
SUSROUTINE INT (XNOP,NPARTS,PLEPFT, TLEFT,XLAMPL , XLAMPZ , XLAMCI ,XLAMCINT = 10
12y CINT 20
.......................... INT 30

KIITE (6.20) o Nt 0
ADS(XNTO-TLEFTSPLEFT )OXLAMCL ¢ FLOAT(NPARTS ) «PLEFT ) aXLAMP] INT SO
AlsTLEPT . 60
A23({PLEPTSXLAMP2+( TLEFT-PLEFTIWXLANC2 I/TLEFT INT 70
Ts2000. e e e e INT 80
08 10 131,10 e INT %0
CRAGNTHALN(L ~EXP(-A20TY) Tttt INT 100
XMTIFRTLE INT 110
W2LTE (6,300 T,xur8e o INT 120
Tare2020. e . 130
coNTIIVE e e .. .. JINT 160
RETURN U . INT 180
s INT 160

. INT 170

FORMAT (1X//7/777729%, ' INTERVAL MTBP®//27X,17(°=*)/29%,'TIME |*,* INT 180
1 HTBE'/27X,17('=*)) INT 190
FCAMAT (28%,F6.0,° |',07.00 . INT 200
0o L, INT 210
SUTROUTINE PTIME (NPARTS,XLAMS,XNP,SS,TIMNE) FTIM 10
SUSTRCSTAM TO ®IT FAILWRE DATA YO FTIN 20
MUTISAORTIALLL-EXP(=-A2%TYY FTIN 30
LG INSL ROUTINE XS$$Q@ . LTI AL
o o FTIN SO

EXTERNAL AMEANV FTIN 40
REALYS PARM(4),X(2),F(200),XJACI1200,2),XJTJ(3),HORK(AL3) ~ ~ FTIN 70
REAL®S T(200) e e . FTmM 80
oS 23,40 TN %
oo FTIN 100

XHEPLOATIHDPLARTS ) L . L .. .. FTIN 110
RX3-ALOG(1.-8S)/( TIMEWXLANS) = ... ... FTIn 120
ERITE (6,10) : o FTIN 130
READ ¢S,@d TN 140
Ks2wtsll FTIN 180
:&u. OFT (AMEANV, XN, XULAMB , XNP ,RK , PARM, X, F , XJAC , XJTJ . HORK , r.n.x.mmxn 160
15 e . o . FTIM 170
RETURN o T T T 180
0T rtm 190

FCIMAT (SX,'ENTER NUOER OF FAILURES DURING FINAL SCREEN:') FYIN 200
(1) o PTIN 210
SUTACUTINE OPT (AMEANV,XN, XLAMS , XN, RK , PARM, X, F , XJAC , XJTJ,HORK ,T,MOPT 10"
1,K.TINE) oPT 20
DIMENSION PARM(A), X(2), F(M), XJACIM,2), XJTJ(3), WORK(K)}, T(M) OPT 30
Conisy 732,40 ) A, ... OPT A0
WIITE (6,20) ] . osT SO
00 10 IJ=1.n . R . ... .ePT e
READ (S,%) TI1J) ) L oY 0
KRITE (17,#) TUID) ] . orr 80
coTne ... . ~-@FT %0
N22 , . . oFr 100
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DGR e e oPi 110
NSIGRS e e oPT 120
BPSR0.8 e OPT 130
BELTAZ0.0 e e OPY 140
MAXFNESO0 e 0PT 150
CI0PTRY e OPT 160
AGEXNWXLAMS .. e 0PT 170

. XELrsxng e .. OPT 1&¢0
. XI2IZRK X LAMBN]L  E3 02T 190
CALL ZXSSQ (AMEANV, H.N.NSIG.EPS.O!LTA.HAX!N.!OPT.MRH.X.SSQJ.XJACOPT 290
1eIXJAC XJITILMORK L INFER,XER) . .. ... ... ... L oPT 210
. X232X(2)%1 E-3 P, e ... .QPT 220
€SS2 -EXP(-X(2)¥TINEY) oPT 230
WAITE (6,30 X(1),C88 . L CPT 240
RETLAN L e .....0PT 250
c . COPT 260

20  FCRMAT (5X,'ENTER FAILURE TIMES (HOURS), IM OROER, AS PRCMPTED:') OPT 270
30 FOTMAT (5X,'THE FAILURE TIMES INDICATE THAT THE ESTIMATED NUNMSER'/OPT 280
15X,* OF DEFECTIVZS ENTERIMG THE SCREEN IS °,F10.0/5X,’' AND THE ESCPT 290

STIMATED SCREEMNING STRENSTH IS *,#8.3,'.') . . . ... OPT 300

- BN . e . 0PT 310
SUDNCUTINE AMEANV (X.M,N.#Y o . AMEA 10
REAL®S XX(2),FF(200),TT(2000 .. ... ... AMEA 20
REAL#S XINY, FIM),T(200) . L AMEA 30
CCM.iCN 235Q,A0 o T _AMEA 40
RENIND 17 . PR AMEA 50
XX(1)=%{1) o P AMEA 60
XX(2)3%X(2)91.E-3 A e ... ... AMEA 70

.30 30 Is1.M e i . AMEA 80
_RTAD (17,%) T(I) PP ANEA 90
TT(I)ZT(I) . . e .... AMEA 100

IF (TTUI)®X(2).6T.170.000 60 TO 0 .. L. .. AMEA 110

IF (XX{2).LT.0.D0) NRITE (6,40) B . o AMEA 120
FF(T)ZA0NTT(I)+XX(1)0(1,.00-0EXP{ -XX(2)8TT(I) ) )-OFLOATI(T) = AMEA 130

LG TR0 AMEA 140
18 PR(IIZLC#TT(IIXX(1)-DFLOAT(XY . .~ Tttt . AMEA 150
20 FII)2FF(]) . . e ... . .. .. . AnEaA lé0
30 CONTINVE e AMEA 170
. RETUM o e e . . AMEA 180

c AMEA 190
40 FCRMAT (1X, 'MEGATIVE A2 ATTEMPTED--NEW EXPECTED VALUES MAY',' BE NAMEA 206
1ECDED. %) o B L . ... . AMEA 210

END U ... ... AnEA 220
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MISSION
of
Rome Awr Development Center

RADC plans and executes rescarch, development, test and
delected acquisdition programs in suppont of Command, Centrol
Communications and Intelligence (C31) activities. Techiicar
and engineening support within atreas of technical commetonte
48 provided to ESD Program Offices (PUs) and other [SD
elements. The paincipal technical mission areas ane
communications, electromagnetic guidance and contie?, sci-
veillance of ground and aerospace objects, intelliga-ze data
collection and handling, (nformation Sustem technelean,
{onosphernic propagation, sclid state sciences, micrrwave
physics and clectronic neliability, maintairabi Lity and
compatibility.
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